













CONTENTS 

■ (VoL. IV, PabtI.) 

March 1934. 

The, Editorial Committee .ol.the Imperial Coimci! of ^gricMltiiral. Research^ India; 
takes no responsihility for the opinions expressed in this Jonrnah 


ORIGINAL ARTICLES 


A COMPABATIVE StUDY OJT SOHJSTO- 
80MA. BPINDALJS, MoNTGOMEIIY. 
1906 AKD SOmSTGSOMA NA8AUS. 
N. SP. (with plates I-V and fivm 

TEXT-FIGUBES) . 

'^SUEEA IN THE PUNJAB 


31, Ananl Ncmif/mi R(to 
W. Taylor, LV.S., 

d,vJl , 


A Study of the Data op Milk 
YIELDS OP VaBTOUB TyPES OP 
Cattle obtained pbom the Re- 
coeds OP Govebnment Military 
Dairy Farms : L Rate op de- 
cline IN MILK yield with ADVANCE 
IN LACTATION (WITH SEVEN TEXT- 
PIGURES) . . . 

Calotroptb Prooeha and Calotrq- 

FI8 LUG ANTE A (WITH Pl.ATES VI- 


K. P.R.KMlm, BA 


Preliminary Note on the use 
Goat Tissue Vaccine alone 
the control op Outbreaks 
Rinderpest . 


SELECTED ARTICLES 


Rabies. A review of recent 

ARTICLES. XiX .... 

Further Note on Foot-and-Moutii 
Disease in Southern Rholdcsia 
AND AN Emergency Method of 
Inoculation , . . , 

ABSTRACTS . . . . . 

NOTICK . . . , i*. . 


. 1 . G, AlcKmdnck 



ORIGINAL ARTICLES 


A COMPARATIYE STUBY OF SOmSTOSOMA SPINDALIS, 
AtONTGOMEHY, 1900 AN B SCHISTOSOMA NA8ALIS, N. SP. 

BY 

ANAMT NAIUYAN'' RM)/ ^ ^ 

Ijiii'Hmr in Pansilologf/, 3Iadfns Velerinmif 

for jJrtM}<fiitidn oil 27fch Oetobev I.9S3.) 

(WitirPlntes T-? find five test»li,'^ares.j 


(’ONTMNTS. 

lN1'iU'!'MX!T!ON . . , . . ' . . . 

Ova . . . . , , . 

.M'llAOlBU . . ■ . . , 

IkTKUMBB/AEI . . . . . . , . 

(b-n(\AHlAE . . , . , , , . . » . 

E\ i'FlUMKK'i M. iNl'KoTfON 1M> ISCt! BATIOir PJBfilOP . . . , 

KauiA .'.VM, I’ioSIS IN K\ BEUIMENT.il. OAtA'KS IKFJEfrrftB WITH 

.J..V /)/(■! A .T.YAT. , . . . .... 

i*t>.ST-Mni; j K,M K5NB1NOS . 

t*Hs3'’T{VA’i:ioN'f. 3N H Syfop sthi.) r.OHS' . * . . . . 

EvpEIUM I N'i'AL iN!'i:i.Tl(»N' wATJi I'i- ROAllJ AE OF <S. SPr.VP.iJJS 

I’OST-.MOUTB.M I'iXiUNuS I.N CM.TUH KNEBOTED W[THS, SVIXDaLIS . 

yUAIK OlWEl! VATitiN'^ .>V KCJl I S roSs l .',£!!(! COr.BKCV ED FRUil AVJAI.'J.S iN 
THE ABATTOIRS ... . . . . 

J’hH habitat tiF S, sVf XliAhlS AND THE NABAt. SOlilSTOSOMK 

l)!'<ri:S.SIoV 0\ SOME I’OINT.S op’ T.HPJ-RRR.VCE IK THE SIOII pnOf.OOA' or 
Cy, SJT'SIKil.IS isn Tiii-; NAMij SCflTSTOSOMB , . . » , 

The IDENTITY OK THE NASAI. SO! I STOSOAI K - ■ . , . 

SrtOIFD' DTIAONOSIS ...... 

OkKERAI', REMARKS . . 

AcKNowbeDOAI ENTs 

R'HKEEK,M‘!;S 


Pact. 
, 1 

' ■ s '■ 

0' 

, fl . 
10 
I'J 

l,:t 

14 

lf> 

17 

18 

10 

]‘;i 

21 

24 

24 

24 

ar 

27 


Introduction. 

In tic domesticated animals in '.hidia four species of Bcliistosomes am knoAYa to 
exist, one being hmis tSonsiiio, 1870, and the ot.ho.r three being B, hmnfordi, 
iS. and aS\ discovered by Montgomery in iOOC. All these Sehlsto- 
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somos are fciiiid in tlie jxntal veins or ■ mesenteric veins or liotli, of cattle, slieop, 
goats, biviMoes and liorses, as the case may be. In the Madras Presidency tlie 
author has met with only two species hitherto, viz,, S. sphnhUs and S. inMcmn in 
the poj'tal system of those animals and, so far as he is awnre, there appears to be no 
record of any other species having been found excepting the nasal schistosonic 
icccndly dis(M)vered in the veins of the nasal fossae of cattle. 

TAVcdvn years alter Moiatgonieiy [ 1906 ] published his pa] )cr on those thict^ 
Sclii-stosomos disc.overetl hy him, tlic life-history of one — ajmididis — was erked; 
out by LisUm atid Soparkar [ 1918 j. Almost another decade ehr]>sed heime Ihurley 
and Mackie (192“)) studied tlio hislopalliology of ;Sk spivilidL^ in goats and jirioed 
that it atiV.cts exclusively tlu', portal system and its ova are voided only vith the 
faeces. Liston and Soparkar [ 1918 ] also found that the ova of S. spintlulk pass 
out ill faeces of the infected animal. The other two Schistosomes of cattle dis- 
covered by Montgomery have so far been found to develop only in the piortai 
system ; consequently their ova are found in the faeces of the liost. As u'gards 
6’. 5om, it has been proved hy MacHattie and Chadwick [ 1932 ] and others that 
it chiefly inhabits the portal sysiem and the ova of these find an outlet only through 
the faeces of ihe host. In man, i-wo out of the three species, dovelo'j) in tin* ;port-.al 
system and the only exception Vanng S. knmutiobinm (lYeinland ISHS) which deve- 
lops usually in tlie ])clvic jfjexus a..nd its ova are voided chiefly in the urine. It is 
interesting to note that in nasal schistosomiasis in cattle tlie species of )Sehistosomf; 
concerned chooses the nasal veins as its habitat and its ova arc found only in the 
nasal discliaTge, a doporture analogous to that of B, haemahhium in man. In these 
two species, therefore, the site of infection, in tbeir normal hosts is difiorent from 
that of the ob]ie.r species found in man or cattle. 


'T 



Sometimes two or more species of Schistosomes <aro found in the same Intst. 
M.ontgomcry [ 1906 ], tor example, found S. bomfordi and S. spmhdu in the same 
animal and be was ahlc to distinguish the one from the oilier by noting ilic dillVrcncc 
in the morphology of the worms and by the shape of their ova. Leipor [1915] 
writes--"' .A comparative study of mature specimens of B. bovis and S. liaemidohhm 
showed that tliose two species were so closely allied that wdien cxi-ferimentally reared 
in an abnormal bust, a differential diagnosis could only be made with ceiduinty uiion 
the characters of tlie fully grown worms and especially hy those of the egg shell 
The last remark of Leiper is furtlier strengthened by MacHattio and (Jliadwick 
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points in arriving at an identification of the species of Scliistosonies. In addition to 
this, the morphology of the miraciclinin, and cercariae should also help in the 
diagnosis, wlune the life-liistorj’- of the worm is known. 

Bhalerao [ 1932 ], in the course of his paper observes that ■ 

(1) jniich importance cannot he attached to the qiiBstiori of tlie niimher 

of testes present in the male schistosome. 

(2) the length of tlie coinnion caecum cannot be talieii into accoimt 

owing to its variable nature. 

(3) the dimensions of the body cannot be given any iniportanee since 

they vary with age. 

(4) tlie tubercidate or non-tiibercuiate nature of the ciiticle should not 

be considered as of any value in distinguish ing one species of schis- 

toBome from another. 

(5) polymorpliism in eggs appears to he tlie rule in niaiiy s|)eei,es of 

schistosomes. 

(6) the site of infection does not help matters. 

It Avoiiltl appear tlunetore that the specific, diagnosis of a sohistosome has no 
value, when it is based on tlie above points. Hence Bhalerao'S diagnosis of the 
Nasal tSclustosome as no other than N. spmdcitis [ lOOfi ] cannot; be 

accepted in the light of his own observations, since he arrives at a diagiio.sj.s hy 
compariiig, in a tabular form, some of the features enumerated above. Three otiicr 
workers, however, consider that the nasal schistosome is different from S. spindalis. 
Datta [ 1932 ], says that the parasite iQBemhlea 8. spindaUs, but certain differeiices 
sngge.sted to him that it may be a new species. Maikani [ 1983 ], thinks that it. is 
a \ ariety of 8. s 2 nndaUs: Rao [ 1932 ], describes it as a new species. Now that 
thu life-liisi oiy of the nasal schistosomo lias been worked out Ity Rao [ 1938 ] and 
iha.i. i)l:' 8. s 2 ihuhdi<‘< luis already heed worked out by Li.ston and 8o]iaii:ar [ ,ifM8 ], it 
would be iiu erestiiig to coir.p'are these .species from difi’ererit .sfu.id|ioiiii;s. such ass 
tlu; sha.pio of the eg.'g, morpliology of iJm miracidium, cercaria inn.l t.d ilu-^ woim.-; to 
arrive at a s])ecific diagnosis. 

The ova. 

The author had oj,)[)ortnnities to study the ova of Nasal jSrdiistosomes in the 
nasal washings obtained from over 300 cases from diiferent pari.s of the Prt'Midenoj 
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Tiie shape of tfc ovuHi is a„ 

m fs Sto/ f f body of the OYIUD, which is concave- 

cs, IS prolonged into a horn on either side onp nf n -i i . 

x™r T « t- -Xc::,! 

..:i “ .tr “fA" *■* 

seen curved f-mv^.r/io -i-n ^ 7- n none of ihem, however, was i]ie spine 

en curved toiwrds the convex margin of the body of the egg The horns ilL 

s*es„e e,the,. stiaight oi slightly tanned np towards the fLet n.!:^ X 

atayssXXrXXXX .X- X this “ .ygoniorphic ” evu.n i.s 
inside it and it appear that Z^; XX'™ 

IS pointed towards the spine end of the ovum T« it 1-u • ^^nacidiiiin 

fresh Tinsni -U' becomes apparent when some ta,p vrater is added to tlie 

it."!' “J, 7- 

ims BiaiLam s [1933] obseivaticns regarding this phenomenon, 
andtwo rors''f;Xf'''" “fX Vgomorphic and has a body 

is clearly seen. Mica n IM^sfsavs rt t X™ "* 

a concave borde“ Xe " IX:** X 7T "^’'”'8“ 

He has also given XhClX ll '''• 

has published a pl,Xg4h of thrivum n) 

illustrated his pfpr ^th XwX '"i “ has 

thee^^fnaSX:or;pres7n;sX2r:r"“‘’“ ^l^-ays *hat 

positions, and this is to bs ewo t a • * ' when viewed in diflerent 

with the ovum ovum. This is also true 
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scliistosomes show the difierence in shape and size of the ova in utero. Thus there 
appear to he differences in the shape of the ova of these two speeieSj and those are 
tahwlated helow for comparison. 


Ova of 8, spindaliH. 


Table I. 




BsmdtU 




Wliwe iViuiid . 


384— 4«> 


80—00 


, 336—681 


60—80 


Often curved towards tfee bulged Often curved towards the conoave 
border. border. 

Straight or sligbtly'curved towards Straight or slightly curved towards 
theflatside. the bulged hordeiv 

Rat or slightly : coiwex in - its Concave, 

' middle. ' : 


Only in faeces 


Only in the uaMaJ disf-harge. 


The U;ngth asul breadth an- in mierons and include the miaxinnun and minimum given by various 
juifhi-i's. Tlio base ro]ircMiil.- {he, ,-;!de (ppcsite io the bulged margin of the Iwdy of the egg. 

Diittji [i932J says tiiat the type of ova met wdth in th^ has not 

heen found in Ihe Iheces or iirlne of anima.ls having nasal schistosomiasis. 
Mafkani |,lh33] confirmR this. 'Jhe author examined samples of faeces and nrine 
of 80 cases, and in additk.-n he has fmquently exaniined the faeces and iw'ine of the 
three experimentally infwdcd calves and. agrees with Datia and Mallmni. Further 
the author did not hud ova iypica] r.f B. spmdctUs in the nasal washings. Therefore 
even in the same animal, it would appear that the two species of Schistosomes 
with the two different types of ova,, are met with in tw’O different situations 
respectively. From the table of differences it is evident that the ovx,m of the nasal 
schistosome is different ficm tlu' ovi^nr of 8. SftwdaKs. 
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anther hss «amin.d V largo fr®', *>“ 

3 per cent. NaOH or KOH solution recriv 1 T P»sa"cd in 

nasal washinos from the . &■««> the districts and also fresh 

vibMii^s irom tlie tiiree exj-j-nmental y iiilVct«d calvf.*^ TSTm^ 

showed any departure from, the typical shape Lribe llmvr , " 

immature ova sliowed , ^ abo^e. Occasioiiallj- some 

in the sections of rissue'flio 5^1 w rf th E™i 

cut longitudinally about its middle Datta rmsY ri’" P'o^^ed the ovum is 
having peculiar shapes, with or witliout sniiLro ’ niet with a few ova 

cither end. These ova have been illustrate.! by BhalZ 7' 

he Within .asonable limits of variation h: S-spS^l^: 

nasal schistosomeTprSdy tJtf .so™ “7™,' of Ife T T “ ^ 

present aiitlior has verifier] tb;« o-nri r rxT developing embryo. Tlie 

of cither the nasal schistosome or of S is'” ''7®” 

miracidinm or any of its orsans Tb ^ caused by tbe developing 

failed to Show any protrushm of its part 'or miracidinm in an egg has 

contour during its develonmPTif-,v^T^^^^ ^ ^ oeyond its usual almond-shaped 

entity within the characteristically^hapl^^^^^^^^^^ ^ passive 

been seen that even the active mLpT> i the ootype. It has also 

effect whatever even to temporarilvaltmM^ biside the egg, have no 

mmporarily alter the shape of the rigid egg shell. 

The Mieacidia. 

are encountered in the undiluted di-=icln*^ ^ f miracidia 

a it is Icept in A tube 

Malhani. n«331 finding of fr. im4 ridt iltsh ™-"- 

hand, do not seem to imtLt writer's lidrf ‘to T" ™ 

about rigorousVin.att*^th^^^*“““®' “n emerging from the egg, swims 

ito the aid of oiha present on its euticle. It appears to 
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l)c fiositivt'Iv pliotota'opliic and can live tap \Yatcr np to al>ont !i!4 to dG iioni'ii at 
laboratoiy tcm])oratnrc. The shape oC tlie niiracidiiiin is more or less like that of an 
alinoinl witli its slioiihlers sliglitly broadened at tlui ardanior extn'iiuly, niul it 
a'ppoars to be slightly flattened dor.soventrally. d'lic anterior e-xtreinity bi'ars on it, 
a prot.rnsihhi sinni- circular snout without any cilia. The ^losterir-r (extremity is 
])lun!ly roiunleil and is c.overod over witli cilia as on the. other parts ot tiie cuticle, 
(.'ilia are absent round two ])a j)illae. on eaidi shoulder, and each of these papilhie 
is the eonini<>ii, opening of the tliicts of a ehister of small secretory glands which will 
be nd’erred to later. About tlie .middle of the body of tlic niiracidiuni is a- girilh^ of 
groiqw of cilia running right round t.hc body. A little hcdiiiid tliis girdh', around 
eaeJi of the two excretory pores, cilia are absent. The girdle of gi-oiips of cilia is an 
interesting morphological detail. This is seen when the surface of the cuticle is 
carefully brought into focus of the microscope and it is best seen when tlie ciliar}^ 
movements arc slowing down. In tlie miracidium of the nasal Schistosome, tlm 
girdle is formed hy 10 to 12 groups of cilia across the visual section, and each group 


On the semi-circular snout is the small oral opeuiug wliich leads into a short 
tuhular or saccular gnt containing granular material. The gut extends liaOavards 
along the median line, to a rounded buiudi of small se(;rc.t(.»ry glands or may even 
slightly overlap this organ. On either side of the gut is a long and fairlv largf‘ 
secretory gland, couta.ii.nng large oxyphilic granules, the duet of eacli opx.ining on flu*, 
postcro -lateral margin of the snout. These glands, which may ].)c called, the anterior 
or lateral secretory glands, are very much longer tlian the gut. Behind the gut. 
in the median line is a fairly large circular looking oliject consisting ol a. group of 
small secretory colls or glands showing fine basophilic granules. Tliis grouTi ajipears 
to bo a |iair placed close together. The ducts of each pair of groups opu-m on a 
peg-like papilla, on each shoulder of the miracidium. Surrounding these t.wo groups 
of sec.retory cells is the nerve tissue with a few short linear pr(.)longai.h)ns pi’oreedinir 
posteriorly into the parenchyma of tlie miracidium. In the body of tlie miraei- 
dium, iiarticularly iu the posterior region, there is a faiiiy huge mnnljor of rounded 
germinal ceils. TJieso germinal cells, apparently, are derived from the ge.riniuai 
epitlielium lining the inside of the cuticle. 

The excretory system consists of an anterior and posterior flame ir.]! in each, 
mesial lialf of tlie body. One ilame cell is situated jii.st near tbe. romulch grou|» of 
small soorotory cells and from it a collecting tubule arises to join a similar tubule 
which talu'.s its origin from the posterior ilame cell situated near the I'Xfivtory pore' 
Each of the common tubes formed by the jhincbitui of these tw(> tubules, a-t first 
passes foiwYards, re -curves on itself, proceeds backwards and at about the middle of 
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tlie body it loriiivS a tangle and ultimately opens in the excretory pore . wliicli is at 
tlie margin of the conmiencement of the posterior tliiid of the iniiaoidiiiin. 
(Text-lig. I.) 



I 1 

0 0«05 

Fia. 1. Miraoidiuin SiMslosoma namUa. 



The mil* 
oppottnuiiy 
sp-ndalis is i 
than the olher one 
gut conl.ainiiig granules 
anterior score' ^ , 
duct of cadi oi the 
gut in tlic median lino 
njiracidium and iluir duds ojic 
arrangement of the 
other mlracidium but the common 
an extent and are less convoluted. 

the secretory and excretory pores and a girdle of ciliary groups is jnesenl 
interesting tO note that the number of groups of cilia on this girdle varies from H to 
tlih, yisifa? section. The body contains larger and more or less quadrangular 


^ is taken to do so to facilitate, comparison. The miraciaium of 
also almond shaped, has a ciliated coat and appeal’s to lie vSinaller in size. 

The. snout is smaller and the oral opening leads into a iuhuiaf 
IS in the other. On either side of this gut is a short saccular 
diny gland, shorter than tluigut and contains oxyphilic grimuh^s. The 
se glands opens in the same sit uation as intlu' other. Behind r.lie 
ilie two gronjis of secretory cells are exactly as in the other 
;n on tlie two peg-like ])a.pilluc as in tliat one. Qlic 
nerve tissue and the excretory system is similar to that of the 
excretory tubes do not proceed forwards to such 
There are breaks in the ciliary coat only around 

3t:';;is„ 


liCiaSiTOSOMA FtPmi)ALm} MamA:m\miY, VAld6 k SCElST0S0MA NA8Ai,lli, K,RX\ 
germina] cells wlien compared to tJie otlier, (Text-fig. 2). Tiie dili'ereiiees between 


\\ 

'St ‘S 

■ t. " '^v V o\-'. y 




o 0.05 s 1 ■) 

s! 2 ! j 'decretory giandJ^, 

1*10*2. Miracidiuin of /S't'Ai5^om«« P.0, FJame cell* 

E. P. Exeretoiy pore, 
G. .E. GerrainBi 

- ... epithelium, 

the two iiiiracidia are summetl np in the following fahle: —*- 

Table II. 


2. I’liO gut 


.‘L Ku. of ciiluuy gniup.s on 11u> 
girdlo . . . 




Miraiiidiiini of *V. 
i 

t 

Miracidhtm of 
the nasal 
schistosome. 

Sbortfi' tlinu gat 

.' ■ . 

-Longer than gat. 

idcrtgur ihan tiio antorioi- 
gl.'.'nds . . , V 

BC-eretoiy 

(Shoiter tlinn the 
ante lio r s eoi eto »■ y 
glandM, 

<) io s . . : 


lUio 12. 

Q u:uh\'in,gu)?«> and large , 

■' ;, ■■ 

Bonndtid ami small. 




TuE Ii\'TE.RMEDIAKY HORT. 

S™.,.nTci5,9**f?l •!*>■ ;>'*«*«* *I>™ “IveB wit), Oem,ru,e Indkae XXX 

!bt.n<,u m2, whioi he ol, tamed Irom two upecies of suails, viz., limim Uuteoh (Lam- 
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arck) an<l Plmurrhis exustiis (Des]ia,yes); He okser'v'ed tkat the infection rate sviv?. 
more in Liiiitted species tliaii in Planorbis spemeB. Sewell [1022] found that Cer- 
aniae JiuHcae XXX pre(loininated in Xmwefl than m. Phnwrlm e.ufsiv,!^. 

As regards tlu^ eerc.ariae of iS, Soparkar [ 1021 ] has stated that, tla^se were 

always fomul in Xh/-3nrrfn'.5 CT?<si?#s and yery rarely in Limned aecimnnatn, .lAurley 
anti Arackie [HKUi] ohtfiined ceiTariae of jS. spindt Jis ruily from Planorhis rcrHslus in 
Bomhay for tlntn; work. If. this has a then it slunvs lhat the. INln.sal 

S<-histos(.anc prefers ./v/ac?ica species as its intermediaie host and S. spimldJi^ (diooses 
Plcindrhis s'])eei('s. If, is eyident, therefore, that tlic Nasal tSohistosonie is lr*s,s seiec- 
tivn iji (hoosing it,.s iiit.emiediate host than df.ApMn/fi/N. 



The ceroaeia. 

The cercaria concerned is sihall^ apharyiigeal, and breyifuroate. It is a feeble 
swimmer and in a test tube of water its m.oyements arc mostly Up and down. It 
swims with its tail foremost and is positively pliototrophic: The body surface is 
covered over witli small thin spines pointing backwards. The i;.ail stem and fiircal- 
rami are covered over with coarser spines comparatively and these are curved 
slightly at their ends. 

Tlie body of the cercaria is pearshaped and on it.s wider end the forked tail is 
insertf'd. In the anttn-ior end of the body is a innscidar and oval penetrating organ 
crownv'.d Vvoth tcnliollow spines, five on each side of the median line. I’lui vcnf.raJ 
sneker is situated at the commencement of (he posterior fourth of the laaly and is 
lined with three or four rows of fine spines. When the ventral suclcer is held con- 
tracted, it usually shows a “ Y " shaped depression on it. 

The alimentary system consists of an oral opening situated sub terminally on the 
penetrating organ, leading into a fine tubular cesopliagits which ends in a dilated sac 
in front of the ventral sucker. 

The secretory system consists of five pairs of secretory glands arranged on 
either side of the ventral sucker and in the s])ae(^ between it and tin? post-erior end of 
the body. On each side, tlie anterior pair of glands arc filhul with cJ.iarse granules 
and the posterior throe pairs contain fine granules. Their ducts open ijidividualiy in 
the pointed hollow spines referred to already. 

The genital system is represented by a group) of cells immediately behind the 
ventral sucker. A few cells in the posterior and lateral margins of the body are seen 
and apparently these are parenehymatons cells and not rudiments of testes as Sowell 
' [1922] considers. 

The esoretory system k composed of a small round bladder situated at the 
function ,df the bbd^ and the tail. From the bladder two canals proceed forwards. 
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one. on eaeli side, between tbe secretory gbinda and tlie cntiole. About tiie uiiddle 
of eacli main canal, a sliort longtli of tbe wall, wdiicli appears to be rigid contains 
two patch es of cilia. Each of the main canals, after reaching the level of the ven- 
tral Riicfcer, bifurcates into two tributary canals, one of which proceeds aiiteriori^^^ 
and 11 h) other posteriorly. Idle anterior oiie passes Ir^rwnrrds and near the anterior 
tliird of the body it bifurcates again into two fine cedlectiiig tubules, eacli ending in 
a. lia tnc cell, one cell being near the middle of the body aini the other just hehiud tlio 
penetrating organ. The posterior tributary canal p»roceeds backw’ards, parallel to 
the main canal, and at about the level of the bladder bifurcates into two line collect- 
ing tubules. One of these fine tubules is short and ends in a tlame cell near the 
bladder, and tlie otlier fine tube passes into the tail stem a.i:id ends in a Ihiiiie cell. 
The flame cell formula can be summarised as follows : — ■ 

2x[2-l-l+{l)3=8(+2). 

Thus it is seen that this cercaria has three pairs of flame cells in its body and one 
pair in the tail stem. 

The caudal excretory canal arises at the posterior opening of the blnddiw, tlie 
so-called eyelet ” aperture, and passing along the whiole length of the tail sfem, if. 
bifurcates into the rami and ultimately each G|)ens into a funnel slupied excretory 
pore situated at the end of each fiircal ramus. 

The cercaria conlorms to the description of Ocrcflrmc .ha i hfimell, li»22 

and it is concluded that both are identical. (Text-fig. 3). 


r 


Vio.S. Ccrcanac IncUaae XXX, {Aitct S^ws’ll.} 

Hie ceo'aria oJ S, .spiiiddlis, which lias hc,en dcvscrihed 1 
bigger in size tlian tlie one described above and the most 
that this cieicuiia has four pairs of flame cells in its body and 
stem. Its flame cell formula can be represented thus ; — 
2X[2+2-f(l)]==8(+2). 
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<H>in])arison ol.' flamy ooU fonimla'i! of af- oaoy. lliaf; l-lm 

ci'.nraria of S. sjmil'iUs an l t.liafc of iho ua-ial soiiiatos anio are two diffortMit (mtatieB 
and, jiaturally tlie adultn idiat. develop fmiiHdiese taws slioidd nl:-u'» 'j)(m'liilcreiit. If; 
iH iuk'reBt.ing to nolo that Sewell [1030] in Ids classifiGation of the Afdiaryujjjeai 
Brevifurcate Distonio Ocrcariae, jdaccs Gcrmfiae Iudiea4 XXX in his <h‘ou]) 1, 
S.liacimihMiim, S.ju 2 ionwiim tuul S. ma/rmni. in whicdi tlic <iercariao 
have throe pairs of flame cells in the body and one pair in tlu*. tail. In bis Group II , 
w}(j(di shows tlie first step in evolution in the hanie cLdl pattern, he places the 
<au’cariae of H. siwuhlis in which the xiosterior flame cell in the body is an additional 
one. Hence tiiere are four pairs of flame cells in the body and one pair in the tail 
in this group of cercariae. 

The author infected over 40 clean Limneii leiiteoh (Lamarck) rnd PlanorUs 
extistm (Desliayes) with miracidia of nasal schistosomes from experimental calves in 
April 1933, The mortality in among those snails was high and only about six 
liLinnea and 14 Fiaiiorbis survived at the end of seven weeks and of these two 
Liinnea, and one Planorbis were found to discharge Cercariae Indicae XXX. This is 
another piece of confirmatory evidence in the life-history of the Nasal Schistosome. 
A section of tlie digestive gland of one of the infooted snails is seen in PI. .1, 
fig, 4. 


Experimental infjso’Hoe and incubation period. 

The cercariae chosen for infection were concentrated and ermmerated according 
to the, method adopted by Fairley and Mackic [1930]. Of the three calves selected 
for infection, calf No. 410 was di'enched with 60,000 cercariae, calf No. 411 was 
infected through the mucous membrane of the nose with 60,000 cercariae, and the 
third. No. 409, was infected with 15,000 cercariae through the nasal mucous mem- 
brane and 30,000 cercariae by drenching. Rao [ 1933 ] has already published a 
preliminary report on this experimental infection and it is enough to say here that the 
calf No. 411 showed typical ova and live miracidia in its nasal discharge in 84 days 
alter the first date of infection, calf No. 409 showed them in 88 days and calf 
No. 410 took 100 days to show them in its nasal discharge. Hence the period of 
incubation appears to be about three months. This finding in experimental calves 
agrees with what Bao [1932 ] said after analysing the histories of naturally infected 
animals in Nammiandal village near Tiruvannamalai. It is seen that the calf 
drenched with ceroari^ tsook a longer time to develop the disease and at the same 
time the attack was a mild one. The other two calves, on the other hand, showed 
severe symptoms of the disease though calf No. 409 got a smaller dose. 

In another, set' of experiments two calves were infected with large numbers of 
cercariae of Bi 0 p{nda>lu. One calf No. 458 was infected only through the nasal 
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m.u(H>u.s luo.mln'aiie iiucl aiiolilu'!!' calf No, 45',l was iufoci.otl by <lr{Mui!iin.o iihon:. In 
ritcsii iwo calves, Mio fonnor siiowod />icnfcy of ova in it.s dyscnieric <>ti tlie 

46th day tin; fiivst; dak'. {).f i]ifccti(>n ainl the latter showed a lew ova on tlio 
76tli day. Tliis cx]»eriiuent: also indicates tliat the calf drenclual with co.t'cariia.; looh 
a, longer time to sliovv tliC! infection. It would appear from this that calva'S iideeted 
by drcn( 3 hing get a hiss inkinsivo infection tlian those iiifecded througli a nnieuas 
nuauhrane. It suggests, therefore, that the corcariae . poured into the ninien 
mixed up with the .ingiista and most of the;m dki there aiid only a fevv tluit come 
in close contact with the mn<fous membraiie burrow through a.ud get tlie eltance, to 
(uunplote their d(!.vehvj>nu'.nt. ifairley and Jesudasan [ 1930 ] infected t\V(> g< inis 
by applying cercariae of .S. ,s‘j)wnfnEs to the tongue and iniicoTis iiiembrano of tlic 
moiitli, while in another goat they poured the cercariae iiito the runieii through 
a stomach tube. They found, on post-mortem examination, a larger niimber of 
schistosomes in the goats infected through the mucous nieinbiune, than iji ^ 
infected through the stomach. The authors themselves appear to be doubtf ul about 
the cercarial invasion, in situ, in the rumen and say that oidy tliose <.‘ercariae that 
liapjpened to be regurgitated into the gullet and the month apparently (.•(Uiqdt'ied 
their development into adults. The liiuliugs of the aiitlior in. Ids mxpc'rinuml.ni 
Ctilves confirm this, 

Therciore in nature, cattle, 'onjike biitfaloes, apparently gid. iiUVcied tliroucb 
the mucous membrane of tbe mouth and gullet and iJossibly tbrongh the skin uf 
the legs when they drink or wade tlirough cercarial infected water. Pr(‘sundii<r thai- 
the natinal infeotion is by ingeslion. it 'would apjjear tliat continued infeclhm rkdiv 
over a considerable period is .r<.‘qnired, to produce such a dc^gree of infection as c.ould 
be detected cliiiioaliy. 

Early symptoms in rx[.'.w3.iimental calves inkbcted '^v.tth Hki^oariai' 

Int>ioai<) XXX. 

The firsl symptom seen iu these calves was a redness of the nasal mucous 
mjmbrane, coryza and .sneezing. These symptoms appeared in e.vaat.ly six \V(‘i>ks 
after infection. About ten days later the mucous discharge iricmased a-nd .siniu]-. 
taneously the mucous iTumbraiie be.came oedematous, which caused tbe naerowiie^s 
of the na.sal calibre, giving rise to a peculiar blowdng sound during re.-qiiration 
About elo’V'cii weeks afk'.r iirfechion, tian-e appeared on the oedema icui.'^ miu-mis mtun- 
brane, raised patches studded over with tiny ab.sces.«es sludty to t,hc roucli Tlic 
contents of these abscesses showed typical ova of nasal Schistosomes. At (Ifis stne-<' 
the nasal discharge became thickened and ai)peared more or less mncopiirnlcmf mui 
later became, rusty and showed streaks of blood. One interesting fealuiv fjbsc.rved 
in calf No. -I,!! was a relief in symptoms of distressed breathing iATictdically. The 
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Post mortem finbings. 
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tloreal, ventral and alar folds of the im. 1 “"(I on fjio 

prominent. This is of some ^«coiis membrane, looknl corded and 

fralatine vein seem to form plexuses in tl"*’ *»^“cliea of the Sphoiio- 

mrmher of scmosa^T 

braue was stripped, the schistosomes in the w.i!™„L„ 

coUectcd with ease. In fact from calf No 40') in ahou'i ! 

of the mucous membrane from those regions, ove'Lo min rM 10 s'"", “ 

were collected. It has been possible to colliet nv.rar , ® “ «b..stosomes 

of nasal lesions of the throe experimental calves. ’ ’ fe'"' l«riions 

Prom tlic situation of tiie nasal lesions in il.rr i 
to the lower part of the olfactary region 
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The. mucous membrane o.t the maxillary and frontal sinuses was foirnd to be in. 
a. sl ate of inflammation in patches but the scrapingsof thcm^ failed to slicmnaiiy ova oi 
schistosomes. 

In calf Ho. 411 which died hours after an injection of 5 grains of anrimt-riy 
Tartaratiim in 20 c.c. of water, an interesting and what appears to be an inqxutant 
finding, was a large numher of nasal schistosomes in the clot of blood in tin* nghi- 
litaut. pii]in(),irai 3 ^ axteiT and its branclies. This calf died suddenly, apjiaronliy ol 
licart faiinre. due to the dead schistosomes finding their way in large iiuiubcas into 
the Jugular vein and then to the heart and Mocking the branches of the fralmonfiry 
artery. A]>parently the death of the calf W'as not clue to the toxic action of tlic drug, 
6 grains t,o 200 lbs. ot bod}? weight. From a portion of the nasal lesions of 1 his calf 
over 100 dead worms, mostly males, were collected. The lesions in the nose iii this 
calf were mnch more pronounced than in the other two. 

From the portal veins of calf Ho. 401), 416 male and 16 female ^S. spimiafis ^c< ve 
collected and form the meBenteric veins 60 males and 15 females were cibiainrd, 
CJalt Ho. 411 contained only a dozen pairs of S. spinda Its iii its mesenteric veins and 
6 male ■worms in the portal vein. Calf No. 410 yielded 03,dy four .nia,l€5S from, its 
poihal vein and 51) pains from, the mesenteric veins, 

SoM’E OBSimVATKUnS ox .HlSTOPAT-HOT.OqY. 

tSeciions of the .miicriiis jnembrarie from various parts of the nasal fossa' venv cut. 
and examined. It a pj -eared from these that the mipoiTant |m*^ cojicernod aic 
the l.mbinate folds of the mneons membraiiG,fr^z.. the clorsal ventral 1url)i.nate 
folds and the alar fold. In addition to tliese the mucous inemln'a'nc of the low<‘r 
parl-s of ilre t-urbinat<‘ hones and the Icuver parts ol the nasal septum were, also found 
iiivolved. The nincous menthrane of the vestibule has a covering of strat-ified 
sqiuuuous e})i-(helium and the rest, of the region above is oove.n,‘.d o\'er tvitli jjsc.ndo- 
atraiilieii ci, listed epithelium. Tlu' underlying mucosa contains a line of i.ubulu- 
alveolar glands having mucous ai.id serous alveoli and in betv/oe'n iiie.se glands iiieui 
are many small capillaries. Below the line of these inucous glands, the siib-nnicosa 
slious, particularly in these turbinate folds, a rich venous 'plexus, sinmlating 
cavcnious tissue liaviug several strata of freely anastomdsiiig veins. -Sections fiann 
an early case of nasal schistosomiasis sliow in these areas, numerous sirhisPisonies 
inside almost all the veins adjoining the line of mucous glands, j Figs. 2 k 6 
Plate II & Fig. 2, Plate III.) It is seen thafthe ova which are so m.'ar the surface 
are liberated by wai-y of the miliary abscesses and arc tlirowm out to complete their 
biological cycle. -Sometimes the ova got into the glands which get destroy (xl owing to 
the abscess formatio.n. These early miliary abscesses Jitst fdl the thin strip of 
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tissue above tlie plexiis aiid raise tbe epitlieliiiin ultimately gives way, 

allowing tlie ova to escjipe. ( Fig. 1, Plate III). Hence tlie time taken by 
these abscesses to Irarst is less in the early phases of tlie disease and naturally 
therefore tissue reaction is also less than in older cases. In these early abscesses 
there is evidence of the formation of a few plasniodial giant cells around some ova 
and only around these ova there appears to he a very thin layer of “ aotino-body 
I'he presence of typical “ actino-body on iFe egg shell is apparently found on those 
ova wFich have to migrate from a deeper layer of tissue formed in lesions of some 
duration. It is interesting to note here tlmt Hoeppli [19S2] remarks, that the 
radiating structures observed on the shell of the eggs of S. japonicum, in sections of 
tissue, represent the secretion of the lateral glands of the miracidium which becomes 
strongly oxyphilic outside the egg shell and the effect of the secretion is probably 
one of softening and destruction. The latter portion of his observations confirms 
what Hao [1982] said about the formation of the actino-hodj^ '"k In sections of 
nasal lesions from cases of just over two months duration many typical pseiidO" 
tnbercleB with zones of yoang fibrous tissue of varying thickness are met with. 
Since these abscesses are formed repeatedly in the layer of tissue containing the 
glands, plenty of granulation tissue is formed and added repeatedly, causing an 
increase in thickness of the tissue there and due to uneven contraction of this fibrous 
tissue undulations appear on the surface of the mucous membrane. The size of these 
undulations depends on the severity of the contractions and the duration of the 
disease. The undulations axe covered over with the tumified mucous membrane 
studded with abscesses, and in long standing cases such undulations represent the 
so-called sessile nasal growths. 


As regards the blood vessels, they are all in a state of complete or partial 



engorgement. The bilharzial toxin preBent seems to elicit demonstrable cellular 
response. There is perivascular infiltration and also intercellular oedema in the 
surrounding tissue. Schistosomes are found free in the veins near the line of 
mucous glands and even in deeper strata. Some of the veins are almost exposed 
after bursting of these abscesses and if, owing to pressure, the vein ruptures there is 
haemorrhage and also escape of the worms wiih the blood, (Fig. 2, Plate HI.) 
In some veins, clots are found surrounding dead schistosomes apparently undergoing 
phagocytosis in situ. The walls of such vessels are in a state of disintegration. 
In some veins the blood clots are in a state of organisation with or without 
canalisation. In calf Ho, 410, there appeared to he complete obliteration of the 
larger blood vessels and the whole area was a mass of fibrous tissue. 

The size of the blood vessels in these folds of mucous membrane and in tlie base 
of the nasal septum is apparently large enough for even two or three pairs of 
worms together. (Fig, 3, Plate 11.) It appears therefore that the veins in the 
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plexus in those places permit enough expansion for easy lodgment of schistosomes 
which enable their Ml development. 

In sections of almost all growths from the nose from animals, even from those 
cases of only two months duration, it was always possible to see the epithelinin 
growing into the tissue especially in places where frequent bursting’ of abscess leave 
behind ulcers. In places it appeared as if the epithelium was Infiltrating into the 
tissue. This proliferation of epithelium was well seen in the vestibule where the 
mucous membrane is covered by stratified squamous epithelium. (Pl. Ill, 
Pig. 3.) Some of the mueoiis glands show increased secretion in their acini and 
ducts. In some places the epithelium of the ducts of these glands show prolifera- 
tion. In some ducts, ova are occasionally met with acting as so many plugs. The 
mucous glands in many places showed degeneration. Fairley and Mackie [1930] 
suggest that there is a tendency to hepatic carcinoma in S. spirulahs infection and 
in the lesions of the nose there appears to be a similar tendency of ej)ithe1ial 
proliferation. Dew [1923] also mentions the epithelial proliferation in the bladder 
caused by the frequent escape of schistosome ova. 

An interesting feature is that the billiarzial pigment is almost absent in tlie 
lesions of the nose when compared, to the qnantii;y present in the lungs of .those 
cases. 

The sections of lungs from calf No. 411 showed, that all the blood vessels ware 
engorged with exiidatioii in the alveoli in some places, causing a picture akin to 
venous congestion. The amount of pigment present in the lungs was very great, 
and most of it was in the endothelial cells of the capillaries. In some of the 
capillaries the pigment was seen in broken chains in the blood. (PL V, figs, 2 & 3.) 
The sections of lungs fro,m calves Nos. 409 and 410 showed evidence of what 
looked like worm embolism in tlie smaller branches of the arteries with the usual 
tissue reaction and changes near it. A few pseudo-tubcrclcs were also present. 
(PL V, fig, 4.) 

ExPEKIMENTAL INii'ECTlOX WITH CSRCARfAE OF h. S I.A Is DA J.lS 

After the publication of the pajier on the identity of the nasal schistosome by 
Bhalerao [1932] these experiments were d<.)no to find out if *S'. fipindtdis produced 
nasal schistosomiasis. The finding of S. >>:pi'iidalis in the experimental calves 
infected with nasal schistosomiasis was an expected contingency since i'he snails 
collected at Bandarlapalli harboured both the cereariae of S, spindalis and Gercarias 
Indicae XXX, the larval nasal schistoBomes, Though there apipeared to be no 
snail showing double infection., yet it was possible to have overlooked a couple of 
snails discharging ceicariae of B. spmdalis whicli got mixed up with, the otheiB. 
Two calves were chosen for infection and the cereariae of S. spindalis were obtained 
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from snails collected from Spur Tank, Egmore, a locality wliicli is apparently free 
from nasal scliistosomiasis. Great care, was taken to examine large numbers of 
cercariae from eacli snail before tJiey were utilised for expeiiniental infection. 
Calf Mo. 408 was infected tliiBiigb file nasal mucous membrane and it received a 
total of 127,000 cercariae in 14 days and calf Mo. 459 wliicli was drenolied witli an 
equal dose of cercariae over the ‘same period. It is interesting to note that eall 
Mo. 468 passed blood-stained faeces on the 40th day and from, the 46th day 
ohwards its faeces showed a fairly large number of typical ova of M. apthrfofe 
Tills animal did not sliow any lesions nor ova of sebistosomes in its nasal discharge, 
and it was destroyed on the SGtIi day after iiifectioii.- If spindaiia were the 
catise of nasal granuloma, with tlie enormous dose of cercariae of 8. spindaMs rriiich 
this tanimal received in comparison to the dose of Gercmia IncUoae received 
by calves Mos. 411 and 409, the calf in question should have developed the lesions 
in the nose within tl^e same time as taken by calf Mo. 411. Calf Mo. 469 was kept, 
under observation for 118 days and likewise neither sliowed any nasal lesions nor 
any ova in the nasal discharge as compared with calf Mo. 410 which did so in 
100 da 3 ’-s after drenching with a smaller dose of CVmmc /ndfme XXX. These 
findings are, in the authors opinion, very significant. In calf No. 459 ova of 
S. spindalis cou]d he detected in the faeces in small numbers from the 70fch day 
omvards, and it passed blood stained faece.s occasionally. 

Post-mortem i?'iNBrNGS in calvevS ineecteb with 8 . spindalis . 

The nasal cavities in both the calves were examined and no lesions were 
present. The scrapings fro.ni the nasal mucous membrane did not reveal any ova of 
schistosomes. The portal system of calf Mo, 468 was teeming with B. spindalis. 
From this calf over 4,000 worms, including females, Avere collected and as many 
worms perhaps remained uncollected in the smaller radicles of the ihesenterie and 
the portal veins. In, all the females examined, there were a largo number of ova in 
the uterus of each and each ovum possessed the typical shape obtained for that 
species. (Pi. I, Fig. 3.) 

The worms from the portal vein w'ere all couuted and there ivore 910 single 
males and 67 pairs. The iierceniage of males was about 94T and lhai. of ijie 
females 6'9. Of the parasites collected from the meseuteric A'oins about 90 })er 
cent, were pairs and 4 per cent, rvere single males. 

From calf Mo. 469 only one dozen single mnlos and two pairs wawo collecl ed 
from the portal vein and over 250 pairs were removed from the mesent(wic v<Mns. 
The percentage of males to females in the portal vein was 83*3 ; 1G*7 respectMely. 

Sections of the liver, large and small intestines from these calves, part.icnlarly 
from calf Mo, 458, revealed a very large number of pseudo-tubercles and verminous 



to fHaiirlioea, and ill tile i'aeces of tliese animals ova of these schistosomes were 
often foimd, showing that both species lived in the same ammal, 

•During December 1932 over 112 bovines and 170 sheep and goats were 
examined for schistosomes iiv the iubattoir at animals 

examined : . had ' ' nasal; grahidoma, ' .and ' from 4 ,■ boviiies „ , and' ' one ■ ■ sheep"' . ever ' SOO, 
schistosomes were collected. In the collection froni the portal veins it was found 
that the proportion of males to females was 16 : 1. .In one bovine and one sheep, 
both /S7 wdiemn and /S. spmdaUs w^eie found, and the identification of the£C',.\?as, 
made, by noting the shape of the in the available pairs with females having, ova 
in idem. In this collection none of the piarasites had the characteristically, large 
tiiberculationsv: found: in the nasal schistosciiie, nor did any females sliow ova 
typical of that species. The male .S. sfindalis appeared to possess smooth or 
slightly roughened ; cuticle and the m.ale B. sliowed ■ only moderately 

'developed .tubercles. " 

Fairley and Mackie [1930], found that the sexes of ail the ' Worms collected by 
them, from eleven experimental goats, showed thal ilie males were more thun twice 
us numerous us the feinules. The lindings of the present' writer are in rigreement 
with their observations. 

The habitat of B. ^niNvi^LiH and TH:irNASAL schistosome. 

Montgomery [1906J, Liston and fcioparkar [1918], Fairley and Mackie [1930] 
and the author have found that B. sjdndalis inhabits the portal and mesenteric 
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phlebitis, it w as also seen that many oJ' the o^■a in the liver and the intestines 
had “ actino- bodies ” on them. (PI. IV, figs. I & 2.) The thickness of the 
actino-body and the ni mber of ova that showed it appeared to be less than 
that found in 'ua.sal schisi’O.^-omiasis. 9iu:v patliokigical changes brought about ni 
these Organs stum to justify the beJiv'f ilsai B. .sp'/adc-b's is liktly to undermine 
the health of the animal. There is reason to bejieV(' ihat some catt.l(' die of portal 
and intestinal bilharjKiasis and apparently the disease is not rtcrgnistd as; such. 
It is contemplated to deal w-ith this qiieBtion in another paper. 

It is interesting to note that the sections of lungs from these twm calves 
infected with S, spindaMs did not reveal any schistosomes or their ova in the blood 
vessels, though a small quantity of billiarzial pigment was seen distributed here 
and there in the capillaries. A fairly large amount of pigment was seen particulaiiy 
ill the liver along the course of the sinusoids. 

Some oeseevations om the schistosomes collected from animals 

IN THE ABATTOIRS. 

The author had opportunities of studying schistosomes collected finm sheep 
ni Bellary and Anantapur Districts where he found mostly B. indiami and in a few 
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veins. Fairlej and MacHe found in soats 

m the early phases of the disease, and later a bioloWcal eauilihrin™^ ataaW 

.shed between the worms and the definitive hosts, tren S t!rm“imnr " 
to their ordinary habitat, mz., the portal and mesenteric veins T1 
hat the distribution of & nothin the blood vascular syrtem corn poni 

. witn massi\e doses ot cercanae of tSf Ww/Z/Uno j 4. 

produce nasal sehistosomiasis, In other words it 01000^ 0, t <I 

inhabit and develop in the nassl v.n i 7 i 1 , '*• aoes not 

rrr rd 

obtain any in the oortal nr ■ • f . not been able to 

oriii+to 1 . ^ animals examined in the abattoir 

™Tt"b 

of the animals having nasal schistosomal ffi ” 'T 

do not develop in the portal or mesenteric veins The orfZ Z Z f- * ® 

aU of them appeared to be mnlw '™gs only and 

the side of L fitL in t : V . ^ -"i*! 

Hiale schistosomes developing in them, though they were infeete f 
the same material used for inferKTifr +L ^ 
and females develoned Tt 

tor infecting these .small animals may have been unise.^itl tv 

suggestion of Fairley and Macltie [ 1930 ], that some host factor 'in 

antagonistic to the develonmeut nf fL.. 4^ t \ ® guinea-pjg, 

nomenon of exclusively 

Though these guinea-pigs had onlv mnlfl -nr j unisexual infestation, 

ehanges were found in the lungs of the oirLfell^tllT 

tohistosomeapdintheHverofthf other iXL-tireerriH^^^ 







PLATE IV. 


Fia. 3, Posterior end of male S. mmlis showing anastomosis 
and diverticulae of the common caecum. 


Fig. 4. Section of lung of guinea-pig ah( 
and changes in the lung, 









1. Section, of tlie lung of guinea-nia. Note 
two males interlocked. 


Rq. 2. Section of lung of calf 411, Note section of 
and changes in lung. 


Worms 


3. Section of lung of calf 411. Note ■ 
broken chains in the branches of the 


R®. 4. Section of lung of calf 411. A for] 
tubercle with ovum in centre. 
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>Sncli patliological chaiigcSj clue to tlie toxic effects of only male scliistosomes, 
liave been recorded in man and animals by Fairley [1924- and 1920], Fairley and 
Williams [1927]., Faust [1927], Girgos [1929],’ and Fairley and Mackie [1930], 
I’liG scilection of tlio respiratory system by tlie nasal schistosome and tiie portal 
sj^stem by S, spindalis, even wlien reared in guinea-pigs, ajipears to be of some 
significance, Ibiirley, Mackie and Jesndasan [1930], found that vv'lien guinea- 
pigs were iiuected with /S', sjmu'lalis the Avornis were confiiieci to tlic portal system. 
The author’s findings confirm this. Bnimpt and Chevaliier [191*1], infected some 
mice with ccroaiiaa of S. muyiBoni and a feAV others with S, Jkicyntfdohhim end found 
that in the latter the lungs were usually affected in addition, to the liver, Avliercns in 
tii(^ former tlie reverse wtis the case. This supjports the view that the nasal 
schistosomo resemhh's -S’, hacmafohiiwi ui its behaviour in selecting its liabitat. 

DlSCOSSIOIs ON SO.ME POINTS OF OIPPERENOF. IN THE MOR,CifOLOGY OF 
6'. !^riXn.\f,T8 AND THO NASAL SOniSTOSOMF:., 


{/(■) iSizG : — It has buen admitied that the aA'crage size of solilstosomes may 
vary with the age of t.he parasite, mode of presoivatiou, time of ccdlect-ion 
after the death of the host, etc., Init still the question n-inains Avhethor or not 
there is difference .in size, between the different species. From, the dimensions 
given in the iicxt books for various .species, it is agreed tliaii different species have 
different sizes— a charaeiiu’ Avhicli is useful when oonsidered tilnug with other 
morphological details. Tlic dimensions of the nasal Eclfi^tosnmo have been re- 
corded by Bhalerao [1032] and .itao [1932] and from these it. is ga..thcred that this 
species is smaller than S. sphuhlis Mioiitgomery 190(i. Blirderao, however, believes 
that the nasal schistosome fails to reach the maximum size altaiiiGcl by other 
schistosomes, liecause the former grow's in a tough tissue like the nasal septum 
and does not get the same scope for development as tliose growing in the portal 
or mesenteric veins. This explanation seems to be untenable bocfinse the different 
species of .schistosomes developing in the portal system o.t man and animals 
differ in their average sizes, even though they all have equal scope for develop- 
ment there. It has btHUj slioAvn above that the nasal schistosomes live in the 
veins of tissue, wdiich. resemble-y cavernous tissue, having several strata of freely 
anasiomosijig veins and in .such tissue they necessarily get as much scope for 
development as the others have in the portal system. It wouH sccmi thereio.re 
that the site, of iidection has .no boa.riug on the variation in size met ^Adlll, apart 
from the character of the species. 

(6) Nature of the cuticle : — It has been said above (p. 19) that sheep 
harbour both 8. spmlalis and 8, indieiim at the same ' time and that only the 
latter show^ed moderately developed tubercles on its cuticle. An examination of 
the collection of schistosomes that exists in the Madras Veterinary College Museum 
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i‘o\'ca.io(I oafy & large, number of males clisproportuonate to the immber of females, 
very of ten not showing any ova or only one species slio wing ova typical to that species, 
wliih; the other species is immature. In such a collection, if it were a mixture 
of S. 'ifuUGimi and^. spindaUs, and if one species were immatnre, one is apt to think 
that they are all one species because they are ail from one animal and a few females 
showed only one kind, of ova. Hence an observation on thcniiatum of the cuticle 
in such a collection, may not be correct for obvious reasons. It has been .noticed 
by the w riter tliat the tendency of a person; when asked to eollect schistosomes , is 
to df,» so from the portal vein only, unless he is particularly interested in the work, 
and naturally in a collection of that sort males predominate, consequently tlie 
identification often becomes a difficult matter, and may inako one iliink that 
they are all one species. 

It is interesting to note tliat Bhalerao [1932] fouiid variation in tlio develo])- 
ment of tnbei’tdes o,n. the Guticile of the .schistosomes, whieJi he believed to be 
AS. sjimdaEs, collected from a sheep, and this coJleetjon was from Madras, tliereiore 
it very likely coiitaincd S. indurnm a.nd S. spindaliti, for rea.sons .st.ated already. 
He also found tJiat the cuticle of S. spimlalia collected from the fKirtai a.nd 
me.seiifccric veins of . two Biliar bulls Jiaving nasal schi.stosomiasi.s, was ft bsolidely 
smooth. It was po.ssiblo for the present tiutlior to oxiimiiie the cutidc of ovtu* 
2,t*0U males of /S. obtained from the (.‘xperimciitui calves and .also from 

other ajiirnals find he found tiuit. the cuticle of the nuile in this species had no 
tuliercies on it. If a vailation in the nature of (he cuticle did exist in S. sfmhdis 
it should have been evidtmt tiuriiig tlic exunii nation of sucb ti large number of 
parasite, s and its {tbseitee, is siguiticant.. Ftiirley and Mackie [1930] in their studies 
in S, spmdalis do not say auytliiug about the nature of the cuticle, but from the 
excellent photographs wiiich they gave of so.ctions of these parasites in various 
organs, it seems that the cuticle of the male is non-tuberciilatc. On the cuticle 
of the nasal schistosome, on the other hand, large tubereics are seen, and even in 
the photographs of sections of these parasites in tissue, (he large tubercles can bo 
recognised. 

As regards the nature oi the cuticle of aS. and (ho tui.sal .soJiist'OHuniH, 

the author agrees with Bhalerao in consiileriug (Iiitt /V. f/a/feum has moderatoly 
developed tubercles and that the nasal schistosome has conspicuous and largo 
tubercles on its cuticle. 

Leroux [1933] states that the presence and degree of development of t.hese 
Guticuiar bosses are greatly afeotod by the state of vitality of the specimens at 
the time of preservation. The large number of S. spindalis and nasal schistosomes 
examined by the present writer were reared, collected and jircserved, under similar 
conditions, and no appreciable variation occurred in the nature of the cuticle. 



&*■ A’JN.SfW 


NP/..V/'.! L]i<, .\lON’'f'(;OMKn Y 


j^d'fiicuLi'i'Iv ill tin; luinnl wcliistosomcK ilui iuhcrc'uluiioHiS <.^'*'‘11 

w}uin tiiey wore ('oilooled I'roiii lesioik! ui iiomial .saliiH*, wiliifioii Iroim i.lu,- 

districhs, and wliicli arrivod in the lahoi’ulory one* ur (‘.vi-n two days aiini* rfinoxal 
ot' die lesioiiri. Tlierefoie. it iy evident tJiat the tuhei'ealate or n<>ii-iuh(‘.iv.uli!je 
nature of tlie eutiele is of value when considered along with otluu- niurjihologicnJ 
JeaturcH, 

((.') NniubciMY!' testierdar glands The nnm’her of iestic-ular ghnuls 
In H, fi'piridtilk is 0 or 7 according to [l-HMj]. Bhalerao [litTfj, 
however, notes in his desoription of this parasite, that; the iminber oi testes varies 
Ironi ti to 6 and; remarks that Montgomery might have failed to notice the range 
of variation in this respect. At the same time, lie apparently ignores Mont-gonieiy's 
finding which, when taken into account, gives the langimif variatiem fixinU to 77 
The author examined over 300 male /S', spind/dis and foinwii the range of valuation 
to lie 3 to 7 which is in conformity with the above.. It is interesting to :noti;i that 
among tliosc males 4- per cent, had tliree, 20 per cent, liad four, 28 per cent, liacl 
live, 34 per cent, had six and 14 per, cent, had seven ^ testicular glands. Further 
the contour of each gland was iiidine^l to be angtiM^^ 

As regards the teBticular glaiuls in the nasal schistoaonie, the author cxaiuini.'ii 
70 stained and over 40 fresh specimens of male nasal scliistosornes from the nasal, 
lesions of the experimentally infected calves and it a,ppea.red to him that fcjio 
range of variation was from 2 to 4 whicli confirms what he [Rao, 1332] foiiiui iji the 
few s|)ecimens lie collected from the lesions of animals in Nammiandai ami 
'l.'iruvamiamalai. Of these males 11 per cent, had four testes ; 32 per cent/, 
liad tliree, and 57 per cent, had four testicular glands. The contour of omdj 
testicular gland was found to he irregularly elliptical. If this is of any significance 
it indicates tliat the range f)f variation in testicuh:ir glands in the .nasal selustosonm 
is less tJian that olitaiued in /V. spindalk. It is a fact tiuii- vm-lulion in tlie tumihe?.- 
of testicular glauds is a charatiter of the. genus &JiiHio.sotiU(', but from a. studv oi' 
iilKwuri,-d;i<ai in the nuiuber of testes in tlie welhknuwu species it is cvidtnt that 
tl.ic variatioi.i. is within eertuin limits for a given species. Honue this variatiun 
of leslcs is a. factor in tlic determination of a species. 

{il) The. length of the (sommon caecum in the female, no douht, may iippear to be 
variable in ditferciit individuals and ('onsequentiy the situation oj. the ovarv in 
the body ol the female also will vary. Eve.n theii the maximum and inhiiiuum 
lengths of this structure (?om]»ar(al witli those of another species, gives soiue 
interesting information. According to Bhalerao [1932] the common caecum o£ 
8. s 2 jiHd(/lis iueasurcfi 4' 19 to (i'93 mm, and that of the nasal schistosome measiued 
4'28 to 5’23 mm. Montgomery [IbOfi] said that the common caecum of 8. spindalis 
was (5 mm. It would a]jpear, therofoie, that the maximum length of the caecum 
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of the female nasal schistosome is shorter comparatively than the otlior and this 
confirms Eao’s finding. 

It is interesting to note that one male nasal schistosome out of over 130 
examined, showed hranching and mmiting of the common caecum whereas such 
a thing wns not seen in the specimens of 8. spinicdu examined. (Eg. 3, 
Plate:IVd/\' 

The identity of the nasal schistosome. 

In the foregoing pages the writer has endeavonred to estahlish that there 
is diference between the nasal schistosome and S, s^induUs Montgomery 1906, in the 

1. shape of the ova. 

2. morphology of the miracidia. 

3. morphology of the ceroariae. 

4. morphology of the parasites as regards their size, nature of their 

cuticle, the number of testicular glands they possess and the length 
of the common caecum of the female. 

5. habitat of the worms. 

6. choice of the intermediate host. 

In addition to these differences, experimental evidence show-ed that inlectioii 
with cercariae ot S. spindalis failed to produce nasal schistosomiasis. Further it 
appeared to the author that the nasal schistosome is capable of afecting the 
respiratory system. It is tliereforc evident that the schistosome prodneing nasal 
schistosomiasis (Nasal Granuloma) in cattle is a neW' sx)ecies to which Eao [1932] 
has already suggested the name “ Schistosoma nasalis 

Specific diagnosis. 

Schistosoma.-— 

Male . — Length C‘3 to 11 mm. Cnticle coarsely tuherculate. Testicular glands 
ranging from 2 to 4. Occasional branching and reuniting of the common caecuir 
as in jS. 6om\ 

Female . — Length 5 to 11 mm. Ovary posLequatorial, Uterus containing 
1 to 6 ova. Length of common caecum about a third of that of the parasite. 
Ova spindle shaped, asymmetrical, having concavo-convex margins. Size 336 to 
581 p X 60 to 80 fA. 

Hosts . — Cattle and buffaloes. 

Location . — Veins in the turbinate folds ol the mucous membrane of the nose, 
LoeaUiy-. — ^India. 

General EEMAEfcs. 

A map of the Madras Presidency showing areas from which cases of Nasal 
Schistosomiasis (Nasal Granuloma) were reported from 1922 to 1932 is appended 
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Fia. 4. Showing areas from whioh eases of Nasal Schistosomiasis haw been reported fmm 1922 to 19:J2, 


L Ganjam. 

2. Vizagapatam. 

3. Godavari East. 

4. Godavari West, 

5. Kistna, 

6. Guntur. 

7. Kurnool. 

8. Beliary, 

9. Anauiapur. 

10. Ouddapah. 

11. Moliore. 

12. Ohittoor. 

13. Gbhiglopat. 

14. North Arcot, 

55. Salem. 

10. Ooimbatore. 
n. Afadura. 

18. Ti. ichinopoly. 
ii). Snath Arcot, 

20. Tanjore. 

21. Itamnad. 

22. Thmevolly. 

23. iShdabar. 

24. South Eianara. 
26, Nilgirifl, 
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l.’Jiougli lh(5 gritpli caiiuoli bo taken as C)n.o allowing tin; a(;aaoniil iiicitlonoo, 
l)C(‘.ause. it ia not baaed on tin? records of a clioseii aren, yet it does sliow that a. largo 
tiiimber t)f eases woit; roeorded during the cooler season of tin; year. Xo work on 
tlu; study of scuisonal inoidoncc luis been done and. i.1: siudi a work is lindertaken 
in a- eiioseii jirea. and siinnltane.otisly if the iiieidenoe of Ckivvy/ren: hulivae XXX. is 
also studied in tin' same area, very valnable iriformatioii will Inwonn; a\ {iil;il)]e 
wliieii should he oj much usn in aiiopting ways and means of |)TO]')!iylavis. 
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SUEEA m THE PUMJAB, 


. W.,.mYLOR;:ME.O.¥.a 

Principal^ Pimjah Vetenrumj College^ Lahofe. 

(Received for puWicatioa on the 8tli Jamiary 1034,) 

riie object of tbe present note is briefly to review the operations carried out bw 
the CivilAeterinary Department in the Pnnjab, in connection with the treatment ci; 
Surra of eq^nines and camels during the seven yea,rs ending with March 193S. 

Surra in the Punjhib recently assumed terrifying proportions, causing enormous 
economic losses in horses, camels, sometimes cattle and packs of hounds. In some 
villages lying in waterlogged, areas, there w'-as not a single equine reinaining alive in 

1926-27, and in 1926-27 a great number of cattle died. 

It is not proposed to consider here the results of trials out with some of 
Die earlier remedies, such as tartar emetic used alone or one or more of tlie Bcverai 
arsenical preparations recommended from time to time for the treatment of this con- 
dition. With the introduction of Naganol in the Held of veterinary medicine, the 
records of treatment with these drugs have come to be regarded as so many “ dead 
chapters m the history of chemotherapeutic endeavours and it may almost be 
declared that the accumulated records of work carried out during the past decade 
in the treatment of Surra in various countries are essentially the records of the appli- 
cation of this new remedy. * 

The treatment of cattle and camels now presents no cdnsiderable difficulties hut 

here appears to^be a; certain diversity of opinion, even amongst laboiutoi^^^ workers 

as to the nmthod oi treatment test calculated for obtaining ^ of 

eqiiines. ^ A very geniime difficulty therefore confronts the field vei.eriiiary worke- 
w o as aigeJy to base his decision ill this respect results of work carrhd 

out in the laboratory. This does not affect Army horses only, but also those owned 

])y™ndar8 and home breeders, and to classes they still represent a very 
iinportant economic factor. ^ ^ 

The two coiBiderations which yery largely weigh with the field worker in the 

( 29 ) 
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Tims, wliiic the eom]);ined intraveiioits ;iiul ii]tr<ithiT:nl treaimeRt. as elaborated 
))y T^dwards [ j'J28], raiist be regarded as ha.viiig registered a. (iefiiiitc advance in tlio 
i hen!ot]ifTa|»y of equine surra, its application under field conditions ]m'sents consider- 
able diiliculties. for it must- be borne in mind fitar llu*. siaff at tliii District Veteri- 
nary hospitals consists normally of a Voierinary i\ssistn]!t-, a cmnponnder, and 

sweiujcr. and soiiudiniijs tlio latter are part-time men. 'the intrathecal tri'atrnmd' 
necessitates the tlirowing of and carefully seenring th(‘ iuuiuais. and when it is realised 
thai- at oji(! centre (Jluridke) tluu'e were four hundred animals midergoing treat- 
ment at one. time, it wilt lie understood that the intratlieea-i method is not practi- 
cahle. and o-pciis irp the pfissibiliiy of risks, wliieh are not e.nc()uutcred iu t-he intra- 
\ euoiiH method. 

Again, in view of the high price of Naganol (about Rc. 1 per gramme), it 
beOA'rmcs a, matter ol immediate necessity t.o devise a. midliod wlieri'by it could lie 
suitably combined with a less expmisivc drug, so as to luiug a1>out a substantial 
reduction in tkic ultimate cost of t.he trea,tmeut. and. as will, be seen l.'rom what has 
to be state, d ]')resentdy, Surra in t-ho Punjab is, at the. fu'esent time, almost (‘xclu- 
f-ively ire.ated with a combination of Kaganol and tartar emetic. 

I. Treatment of equine surra. 


.Deiore dealing with the actual results obtauied under tins caiegmy, it is perhaps 
desirable that a i!ew words should bo said as to the iador.s, other than tiic (picstion 
of cost, that have weighed with the Department in, chnosing ihe e(!mbi,ned form of 
therapy, to which a reference has just been made. 

In the Dutcb .Indies, vliich perhaps represent the only territory, outside the 
Indian Region, whe.re field-scale experimants have been, undertaken wit! i a view to 
developing a practical and economical method r-f eomliating equine' surra, the earlier 
trials in this connection were directed to obtaining cures ]>y means of Kaganoi used 
alone jBaermann, .1922; Rodenwaldt and Doinves, 1922], but it was evideuliy not 
long before it was realized that a mucli superior form itf remed}" eous,isted in. a com- 
bination of Nagaiiol and tartar emetic, and from the reports that luive been ]>iib]isl)od 
during recent years by Bubberman and Iiis collaborat-urs [1925, .Ittli], o,ne gathers 
that the treatment of equine surra in that country is, at the present t.ime, exclusively 
carried out by means of the Naganol-emetic combiiintion. 

The same com.binatioii would appear to have been used suecessfully by Bakker 
[1926] in tire treatment of equine surra iu Padang Sidempoean. 

. , A.r dishixssion o of this form of treatment on theoretical grounds 

would involve an encroachment upon the preserves of “ pure reseai'ch and would 
be outside the scope of a note of this kind which is designed primaii’ly to deal with 
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I'lie practical aspect of surra treatment. A reference may. lioweverj be made to the 
marked efficacy of the Naganoh emetic oombination for Trypm^osoimi eongoknsc in- 
fection which is not usually amenable to treatment witli Naganol alone [Berg, 1925|. 
It is possible that the superiority of the combined drugs over either of these, used 
alone is due to the fact that, as suggested by Collier [lh2(>J, a “globulin-Baycr 
compound is formed when Naganol is introduced ipto the circulating blood and tlmt 
the interaction between this ami the tartar ('cmd ic results in the formation of a new 
trypanocidal agent. 

At the present time, the routine metliod of trxiaiittg equine surra,- in the Punjab 
consists of intravenous injeotion.s at intervals of four or IB'c days. in. the following 
approximate dosage 

1 per cent, solution oi .Naganol . , . . .1 1)0 c. c, 

1 per cent, solution of tartar emetic , . , . ,, 

1*5 per cent, solution of tartar emetic . . . . 

1*5 per cent, solutioi.). of .Nagano] . . . . . • 

2 per cent, solution of tartar oinetif,-. . . , . „ 

2*5 per cent, solution of tartar emetic .... -.-p-' 

2 per cieiit. solution of Naganol , , , . . ^ ' 

The increase in the dosage is not a fixed one, hut de]jcii<.l.s upon the condition 
the animal, and symptoms, if any, caused by the previous dose. A full course of 
treatment occupies approximately one month. 

Up to the termination of March 1933, over a period of seven years, 5,1)92 oquines 
had been admitted for treatment, 63 relapsed, and 486 died or were destroyed, while 
78 were taken away before the completion of the tr<nitmeiit and 91 are uutraceable 
or rcjiorted to have died, showing a percentage of cu.ires oi approximately 87 T>. 

The number which died under treatment includes those wliicli were brouglit in 
a semi»paralytic condition, and emaciated animals, about which no lio[)e of success 
was held out at the commencement. If these cases, and the ones which we,re re- 
moved before completion of the treatment, be excluded, the percentage of cures is 
approximately 97 per cent. 

For the field worker, tlic development of the suitable method, of ireatuient; is not 
enough, inasmuch as the mere method would be valueless if means were not Joiiiid 
to ensure its ready adoption by the populace. On account of former attempts at 
successful treatment having been somewhat abortive, it was difficult to induce the 
peasantry to feed their animals adequately while under treatment as experience had 

I) 
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shown them that the pTobahility of receiving the animal hack in a healthy condition 
was remote. On this account, the Piinjhh GoYernment, at the instance, of the 
Veterinary Depaidment of the province, nndertook to feed all eqiiines free of cost 
while undergoing treatment ; this has cost the Government an increasing amount 
each year, the total from 1926 being about Rs. 37,000. The object of tins suggestion 
was to demonstrate to owners that if the animals were well fed while undergoing 
treatment, the chancesmf recovery were very high, and it vras decided that the feed- 
ing should continue for 4 or S years, after which the concession shonld be gradually 
withdrawn. 

Until 1926, Surra treatment was to a great extent confined to the Sohawa labo- 
ratory, but on account of the present treatment, and the inability of namindars to 
send their animals so great a distance, Surra centres attached to the hospitals were 
opened in snitable areas throiighout the province. The Veterinary Assistants at 
these centres were specially trained for this work and the equines brought to these 
hospitals for treatment for surra were fed free of charge. 

The success of this procedure has been phenomenalj and has resulted in the 
zamindars and breeders having great confidence in the hospitals and treatment. 
This is demonstrated by the fact that at one centre, Sheikhupura, the zamindars, 
instead of looking upon thoir animals as lost as in formex times, are now buying 
better class horses and mares and have applied for a District Board stallion for 
breeding purposes. This instance is typical of others. The extent to which the 
confidence of the zamindar has been gained by the success of the treaiment is 
illustrated by the numbers admitted for treatment yearly since the opening of 
the Surra centres : — 

1926- 27 89 equines admitted. 

1927- 28 114 

1928- 28 109 „ 

1929- 30 387 „ 

1930- 31 1448 

1931*32 1,965 

1932-33 1,520 „ „ 

Whilst the results of the treatment itself have been very gratifying, more has 
been accomplished in that the owners have seen that under favourable conditions 
and given, good food, their animals are almost certain of recovery provided they 
are placed under treatment reasonably early. This has resulted in a continually 
diminishing number being maintained by Government, and it is hoped that during 
the course of another year or two ihe burden of feeding them will be lifted, the 
only ones remaining being those of very poor owners and those brought from a 
long distance would preclude the possibility of repeated visits, 
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'ilie success achieved by feeding the 
the populace to place t.heir aiiiniaJs tinder treatment may h 
the, year etiding Marcip l.'.>33. 
a thonsand have been fed at the 
tile jnstificai.ion of Government's policy in 
anim,a.[s during tlie fust few years. 

Dnrittg the early years of the treatment, when the nun 
treated was not so large, the infectivity of the blood of thi 
to be tested by siibinociilation into a small animal, but nm 
to the owner with a request that he should fill in the ans'^ 
contained therein which refer to its condition, ■whether it : 
whether it has succumbed, and return it after a period ( 

addition, many thousands of pamphlets have been issued 

region of the Surra centres requesting them to halt for a few mimites at the hos- 
pital, whenever in tlie vicinity, so that the blood of their animals may be examined, 
dins procedure occupies only about five mimites of his time and has resulfed ii 
a great many animals being treated before the onset of the initial symptoms. 


Riiimals free of cost in order to persuade 
:ie seen, in that during 
out of tlie totid of 1.520 animals ti'eated. more than 
owners' expenses, thus affording ample proof of 
incurring -(he expense of feediiia the 


-II. Treatment OF SURRA OF CAMEL! 

Except for the results leported from time to time h 
Department in India and by the Punjab Civil Yeterinai 
little information on record concerning the value of Nagai 
surra as it affects the camel. The drug would, however, 
used with some success in at least two analogous conditi 
and the form : of camel trypanosomiasis caused by Tfypmt 
Angio.-Egypian ' Suto , .Iii re^ ' ijowa: 

claimed' to have ■obtained ciire in fone case: by a single in|< 
the drug, although, relapse occurred in another case treate 
In a later pa])er, Zeiss [1928], working in collaboration wi- 
that a single dose of 4- to 6 grammes of Naganol is iisuallv 
cures. 

In regard to 1\ soiukmensc infection (which is believed 
with surra), the results obtained by Knowles [ 1027 ] in t 
condition appeared to him to warrant the conclusion' that 
than 10 grammes may be suflicient to bring about a cure ■ 
cannot be relied on to bring about complete destruction of 

Quite recently, however, Bennett [1933], in discussing - 
for y. sondanm.se infection, has expressed the opinion that 
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iiijecMon of 4 graTOiiQes is siifficient As to previous ocoasiojial failures 
t-ncoimterecl in tlie treatment, of this condition even when much larger doses of 
the drug Were used, Bennett observes: “There is no doubt that in the earlier 
years of this drug's history it was, if not always, different from modern samples, 
at least more variable ”, Obviously, the author here refers to variability in the 
physical appearance of the samples, but it would seem open to question how far 
such, variability might be held to account for any marked alteration in the curative 
properties of the compound. 

In any case, judging by the results of work carried out in the Punjab, we 
cannot consider ourselves as having bad sufficient evidence that treatment by a 
single injection of Naganol constitutes a cure for surra in camels, althougb the 
animals are maintained in work. This doubt is emphasised by the fact that the 
greatest number of relapses (20) occurred in the year 1931 “32 when 140 camels 
were injectecl with a single dose of Naganol (4 grammes intravenously) as an 
experimental measure. The method of treatment adopted for camels has therefore 
been identical in form with that of homes, but the Government has not provided 
the feed for them. It is of interest in this connection that in the course of his 
early trials, Knowles {1. c.) had found that a single intravenous injection of A 
grammes of Kaganol combined willi 2 grammes of tartar emetic could effect a 
cure in T, sovdnuenfie infection in camels. The (bailees of recovery fherefore 
seemed much greater with a course, of troatmeut consisting of 4*5 grammes of 
Naganol combined with 7 grammes of tartar (uuctic {ante), and. as will be seen 
from the figures given below, the results obtained with this method of treatment 
have been very gratifying. 

The numbers admitted for treatment from 1926 are as follows : — 

1926 - 27 89 

1927 - 28 142 

1928 - 29 31 

1929 - 30 . . . . . ... . . . . 100 

1930 - 31 477 

1931 - 32 676 

1932 - 33 .620 


Out of the total of 2,136 camels admitted for treatment during these seven 
s, 67 died or were' destroyed, 33 relapsed, 1.79 .were taken away before the 
pleiioh of the treatment, and 3 .are untraoeable, or reported to have died, 
cing a pexcentago of cures^ of aj^pToximately 86*3. This percentage would be 
r^iably higljet If one excluded the numbers of hopeless cases and those taken 
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It may be argued tliat in the case of camels a mont]i''8 treatment is unnecessary 
and cumbersome and tliat it is tlierefore desirable that further work should be 
undertaken with a view to exploring the possibilities of the single injection method 
of treatm.ent with .braganol. This is possibly true, but experience has shown that 
in a large proportion of eases, a ]>rotracted treatment is definitely to the advantage 
of the animal co)}cerned. Tliis may seem paradoxical, but the truth of this remark 
will be apparent from the fact that most of the camels are brought lor treatment 
in an emaciated condition, and even if unidfectcd by surra are certainly unfit for 
work. The month’s treatment- ensures that ^h(^ animal enjoys a month's rest and 
has an opportunity of putting on a little condition. 

In conclusion, it may be asserted that provided the animals are treated rea- 
sonably early in tho course of the disease, and aie pi'operly fed during treatment, 
the intravenous method of treatment affords a certain cure for etpiines and camels, 
with the exception of a iiegligibie iiumber which may relapse tw'o or even three 
times' aftertreatment. ' ■■■V' ''h ;'' 

RBPEREKCIS. ■ 

Baermann (11^22), hie Behaiidlung tier Surra uht ‘‘ Bayer 206 Arch.f. BeMffs- 
M. ' [Ahstr. inTwp. Vet. BniL, 11, 2-3 ; 1923.:, 

liakker tl926). N ^ed.rJ'nd>: JBktAcn v. JOhryeneesh. 

en BieretdeeH, 153—177. f Ahstr. in 17Vop. 13, 76 — 78; 1925.] 

Bennett {1988). The Control of Camel Trypaiiosainiasis, tT. Comp, Bath, tf Therap,, 48, 


Berg (1926). Die Eignng von “ Bayer 206 ” znr Betampfixng der afrikanigclien Haustier t.rj- 
panoHomen. Det/A Tieriirzt. Woahen., S3, 661-- 671. 

Bubhermau (1931). Be'kampfung von Trypanosounasen in Nederlandisch-Indien. llth 
Internat, Vet, Conef., London, 3, 600 — 013. 

Buhberman, Douwes & van Hergen {1925). The vise of “ Bfl,yer 205 " in Equine Surra in the 
Dutch East I ndies. V< eaptii-niJk^Didie/e. Mededcelintj ILo, BO, Dept. v. Ijandhouw. Nvfver- 
Iind c.n Handel, Bnitenzorg, 04 pp. [Abstr. in Trop. Vet. Bull,, 13, 73 — 76 ; 1925,1 

Collier (1 925-2(5). On the Combined Action of “ Bayer 2(>o " and Antiruony. Ltevid. de Med. 
Vet., 8, 119 — 11^7, , Abstr, in Trop), Vtt, Bull,, 14, 86 — 86 ; 192t5.J 

Edwards (1928). The Chemotlierapy of Surra (TVyjanm.s'O/u r evauai Infeetions) of llorses and 
Cattle in India. Mem. Depd, Agrl. India, Vet. 8er., 4, I — 100. 

Eineli-i & Zeiss (192S), Die Xherapeutische und prophylactisclic Behandlung der Kameltrypa- 
nosomiase Su-auni mit Naganol. Bev. Microhiol. F.pidinid. et JPi rasHol,, 1, 

[Abstr. in Trop. Vei. Bui/., 17, 111 ; 1929.] 

I lowaisky and Zeiss (1923). “Bayer 205 '’bei exi>erinientfilem 8u-am-u von Kaiualen. Ben. 
MirrolnoL ct Jlpidimioloijy, 2, 96. ; Abstr. in Trap. Vet. Bull., 13, 44-- 46; 1925.: 

Knowles (1027). Trypanosomiasis td Ojuneiiii in the Aviglo-Egyplian Sudan : Diagnosis, 
Chemotherapy, rmiininily. J. Comp. JPalh. Tliet'ap., 40, 118 -- 143, 

Rodeirwaldt A Doves (1922). Employment of “ Bayer *205“ for the Treatment of Surra in the 
Dutch East Indie.*. JSed.-Ind. Bladen v. BiergeneetiJe, en Dierentcelt. 33, 1 — 79. Abstr, 
in Tt'op. Vet. Bull., 11, 45—60 ; 1928.] 


A felUDY OB THE DATA OP MILK YIELDS OF VAKIOUS TYPES 
OP CATTLE OBTAINED PROM THE RECOROS OP 

government MILITARY DAIRY FARMS. 


I. BAll!, OP DBCilNE IN MILK YIELD WITH ADVANCE IN LAOTATION. 


BY 


K. P. E. KARTHA, B.A., 

St,U&&<dAs,kimt, AM Bmhcmdry Bureau, In^erid Cm, ail „/ AgrimHwal 

Research. 


(deceived Cop publication on the iltb Deoombor 1933) 
(With seven charts) 


iNTRODUOTIOJSr. 

elapses between eatv’^ e seivjcc period, which is the length of the interval that 
within twn I fh recnn-ence of conception. If conception takes place 

®d ofl &rfo r ° » generally reached at the 

is associated with *oC '“xhl or — ’ 

period of ‘ ™ period of rise is thus very small compared to the 

tent on tho" t \ ^ lactation should, therefore, depend to a lar^ye ex- 

T>6nt on the rate at which the vield fnlin A-f? Tv, r n • ^ 

-Sir " 

able in the GovIZI MiUtory Saky “““8““™* 


Method. 


me thods have been employed in 

. tho tjt'I 'Tho' vdll h® seen from Iho correlation between 


B - > . the two. The dOoffleSw 

C * < '“n-oloiiifa Vu-ffih ® wnth’® deky i 

' t ii- ' 'Ti' ■ - ■ • 1 r ’' 


in service the lactation is 


■' » ' - * '.-.VriH. . YriL ■■='■• 




iiATE OF JOEOLINB IN MILK YIELD OF VARIOUS TYPES OF CATTLE 


Data. ~ 

The data are obtained from the Milk Record Books of the GoverniTmlil^^ihiBr^y ' 
y Razms in India. These books contain the name of the animal, the dates of 
mg and of service, and the yields at each milking on all days from tlie date of 
mg to the date of drying. The daily yields vero copied down on fomi.s espe- 
y designed for the purpose. Those forms contain the number and name of 
lal^ the dates of calving and of service, service period and age. Seven-line 
oins are provided on the form with headings, first week, second week, etc., 
present all the weeks of the lactation. Often the date of service marked in the 
>rd Books cannot be relied upon as it is not known wdiether that service has 
ally resulted in conoeption or not, &rviee periods Yvere, therefore, obtained 
' the; History Sheets of ; the, animals by vSubtractmg the: gestati&L period 
days in the case of buffaloes and 280 in cows) from the calving 
val. Ages also were copied from the History Sfe By totalling up 
column of this form, weekly yields are obtained for all weeks from calving to 


As fcnis is intended to be a popular article it is n 
maties of tbe metbod. The eq^uation made lise of 
y is yield in Ib.^ t ig time ia months from calving, ilyjdt 
representing theoretical initial rate of yield ])6i month, 
change per month (a,s proportional to dy/d/,) in the rate 
33T68&UrG3 tllO PS/t© of decIiiiL©# 

By persistency is meant the degree to which ]e-\ e] of 
equation, 100 x e * is persistency, and 100 (I — e'* ) is 
for small values of 100 x ik is percentage monthly dec 
persistency expressed as a pereentao'e. 
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L~~La(3tation curve for buffaloeH—weekly yields, 

^Observed. 

Calculated. 


Weeks after oalviag. 


u<.Aiiiuuu tinu rave ot ciecJine were determined. Tlie method oi: 

56 IS by what is tnown as method of least squares,* the virtue of 
error IS the least possible. The smooth curve obtained from the 
ja represented by the continuous line in jrigure I. From this it wiU 
ave^e buffalo starts with a maximum of 142‘5 lb. per week in the 
itation and tlien declines weekly at the rate of '0265 lb per lb 
.^o„t 2_e8 p« cenl.) The obaerred and calculated value's of the 

B of this Table shows by how much the 

b wtpliiediliAHBndiil. I,, ~~ ~~ 
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Table I. 

Average weekly milk yield of buffaloes during weeks following ^mximum — 
All observations, (Maximum : — 7t}i week.) 

Weola after Wc. of Mcorfa | ■ ■ 

calving averaged 0 Served Calculated Deviafinn 


Rate of decline per lb, per week ; — ’0265. 

Ratio of any week's yield to that of preceding week 
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ouloiilaieil vuiiicA deviau'. fcoiii tlie observed. The deviai}ioii is only about 3 *6 
pcT cesit. Cif tlio average weekly yields, Sucii an error is not at all large for data 
like milk yields, wiiich are in their very nature subject to very large variation, 
depending as they do on a large . number of factors of lioredity and environment. 
It svili fiLso be noted that the smootih curve cuts tlirough tlie data admirably well. 


To compute yield for any period. 

The inilk pi.-oducitig ctipacdty of an animal is thus described in terms of the tivo 
■liaracters, the masiiaum and the, rate of decline. T'ho yield for a lactation or for 


would be •9735x1 42‘5 lb. In. the 9th week 


the lactation, ox for any other period desired, the total yield is obtained. The 
calculation is laborious, no doubt, but with the aid of calculus it is very simple, the 
summation being performed by a simple process, namely, integration. Graphically 
also tlie yield for any period can be calculated without much labour. Yield is 
represented by area under the oiirve. and when the lactation curve is drawn, the 
yield between any two dates is obtained by erecting 'ordinates at these two dates and 
computing the area enclosed by them, which is done by counting the number of 
squares enclosed. 

The data were next examined to see how the rate of Vleoline is afiected by 
pregnancy. For this purpose the lactations were sorted out into groups according 
to the lengths of service periods for the lactations. All calculations were made as 
before and the figures are given in Tables II to "V. 


Table II. 
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Table II, 


Average ivcekhj milk yield of buffaloes during weeks following mamnuni 
serviee period -2—0 iveehs. (Maximum : — Sfj& weeh^ 


Weeks after 
calving 


No. of records 
averaged 


Deviation 


Observed 


Oalculafed 


Rate of deoliu© per ib. per Week s— '02885. 

Ratio of aay wreek’s yield to tkat of preoediag week t- 









THE .mDlAH JOUEifM. OF VETIBINARY SOIEHOE AHB ANIMAL HtlSBANBEY [ IV, 
. . Table III. : . 


■verm/e wceJdy mill: yield of buffaloes dunny weeh.s following maximum-service 
period : — 0—10 weeks . {Mcmimum: — 7th week ) 


U'f^eks after 

utLivIni^ 


Ueviati on 


Observed 


Cabinlated 









Deviation 


Observe^ 


Calculated 


Kate of decline per Ib. per week — *02568. 

Ratio of any week’s yield to that of preceding week^*9748. 



.... 


Xi). of records 


avmged 

Observed 

Calculated 

30 

139-7 

143-5 

29 

135-9 

140-3 

30 

133-7 

137-3 

31 

132-3 

134-2 

31 

130-1 

131*2 

31 

128-0 

128-2 

31 

127-8 

125-4 

30 

126-9 

122-7 

31 

123-7 

119-9 

31 

121-6 

117-0 

31 

118-3 

114-7 

31 

114-7 

112-1 

31 

110-4 

109-6 

31 

109-8 

107-3 

31 

106-6 

104-8 

31 

103-6 

102-5 

31 

99-0 

100-0 

31 

96-6 

98-04 

31 ' 

96-0 

95-88 

31 

93-6 

93-76 

31 

91-2 

91-68 

31 

98-0 . 

89-64 

31 

84-7 

87-66 

SO 

83-9 

86-70 

30 

81-2 

83-83 

28 

79-9 

81-96 

27 

79-7 

80-16 

27 

74-3 

78-38 

24 

76-6 

76-63 

21 

74-0 

74-94 

20 

78-0 

73-28 

19 

76-0 

71-66 

18 

71-2 

70-06 










RATE OP DECLINE IN MILK YIELDS OF VARIOUS TYPES OF CATTLE 


16 


Altlioiigli Ihe population becomes very snuijl when divided into the various 
service period groups, the error is never more than three ];er cent, of iho average 
weekly yields. It will be seen that the rate of (ieelim^ is affected but sliglitly iVy 
pregnancy. But no conclusion can be drawn from results based on such a small 
number. The subject will be examined in greater detail in a separate paper. 


Results —all breeds. 

It will be seen from the above that the equation made use of represents the data, 
.airly accurately as far as the decline portion of the curve is (loiicerned. But hy 
representing the data by this equation five to seven weeks ■ yields have to be omitted. 

y ta ilig monthly instead of weekly yields the equation may be made to represent 
a larger part of the lactation. Further, examination of more data showed that the 
variation from week to week is not so regular or marked ; and this short-time 

variation also eouH be eliminated by taking monthly yields. The work was done, 

therefore, in the case of Indian and cross-bred cows with monthly instead of weekly 
yields, and for uniformity the same was repeated with buffaloes. A ruon th 
tato to be of four weeks. The first fortn%ht was omitted and monthly 

yields were obtained, in the case of Indian and cross-bred cows and buffaloes for 
full months beginning witli the third week of lactation. The maximum and 'the 
rate of decline were obtained as before. The data are given in Tables Yl to IX 

Table ¥1. 


Average monthly rate of milh se&eUon of emss-bred caMJe, wm advance in lactation. 


Month after 
calvirg 

No. of records 
averaged 

' Milk yield in Its. : 

*-*rY. •’T? 

.Deviation 

Observed 

Galeuiated 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Bi 

'''157 

'im 

1C7 

157 

167 

167 

167 

167 

167 

ite of decline per lb. • 

946*9 

902*9 

83#7 

764*6 > V 
670*9 

617*6 

665*3 

r>i6‘0 

462*7 

per month *09216. 

980*9 

■■■V".',".;: 894*6^'^'. "/.:■■■ 

816*8 

744*0 

678*6 

618*9 

564*4 

514*7 

469*,3 

■ ■ "8*4 ' 

r,.' i8*9' 

10*6 

1*4 

—1*4 

•9 

*.3 

—6*8 

. . ^ _^''>‘»rr«5*v“ /*r,-35g4 


Batio of any month’s yield to that of preceding month 9121. 
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Table VIL ... ., 

mill secretion of pedigree SaMwds with fdvanee in 
lactation. 


No. of records 
averaged 


DEsviatiou 


Observed 


Calculated 


Raie of decline j[wr Ib. jwr month : - •074n. 
Ratio of any month’s yield to that of precedirij 


Table VIIl. 

Average monthly rate of milk secretion, of ordincmj SuUioal cows, mfk advance in 
r ktCtafioH, 


Month after 


No. of records 


Deviation 


Observed 


Calynlatcd 


89 

496*7 

492*0 

89 

448*2 

440*8 

89 

890*4 

394*9 

89 

351*2 

363*7 

89 

314*7 

316*8 

. 89 

287*7 

283*8 

89 

263*9 

254*2 

89 ' 

23^2 

227*7 
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Table IX, 


Amrage monthly tak of milk secretion, of Indian bnffahes, with advance in lactation. 


Montli after 
oalving 


No. of roeordf! 
averaged 


Deviation 


Olwerved 


Calculated 


Rate of decline iier IL. ])cr nionlli :---()9281 

Ratio of liny month’s yieltl to that of preceding montlj 


Table X 


fev tnontk at maximum and tie rate of decline 'per lb, per month for various 

breeds of animals . 


Ratio of any 
month’s yield to 
that of preceding 
month 


Yield |ier 
month at 
maximum 


liate of decline 
per lb. per 
uionth 


Cross-bred cows 
Pedigree Sahiwal 
Ofdinaiy Sahiwal 
Buffaloes. 
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and tlie constants are tabulated in Table X. Tlie curves for each breed are shown 

' ^ 2. Ironi these it will be seen that the smooth curve fits the data very 

well. , 

Table X shows that the ordinary Sahiwai cow is the least persistent {le., 
CG ines most), while the specially bred Sahiw^al cows at T’erozeporo are most 
persistent. The buffaloes and the cross-bred are more or less on the same level and 
are between the other two. (The Ferozepore Pedigree Sahiwals are hnowm to almost 
equal the cross-bred in milk production. From Table X it will be seen that their 
mamum is mnch lower and persistency is much higher than that of the cross-brerL 
Although these two samples of the two breeds may not he equal exactly, it is still 
Clear that^ the pedigree animals are able to make up in the course of a lactation a 
good portion of the difference in their starting yield by virtue of their higher 
persistency. ^ This shows how important persistency is as a factor in the economical 

Two facts might be noticed in the tables that account for a portion of the dis- 
crepency between the actual and the theoreticaJ values of the yields. It will be 
seen that the larger deviations are in the early part eff the lactation, wHcF^^^m 
euMy^ m^^^^^ aPd the 

tendency m many individnals to maintain the rate of yield they attain in the maxi- 
mum ^nth instead of declining continuously as shown by the theoretical equa- 

u n. Hie lactation curve for bufialoes given in fig. 1 shows this to be the case ■ 

faom Further, the yields as recorded in the tables are from the third week onwards 
wh le the maxunum actually occurs a Uttle later in the lactation. The whole of the 
first month is not, therefore, on the decline portion of the curve, and the theore- 

fecal maximum ism excess of the actually realised maximum on account of this- as 
aimnlfs^%!eV data are vitiated by the oeoasional sickness of 

Off it • ® 

icfc^ . Often this IS not noted in tie records, and if noted, the duration of sick- 
ness 18 seldom menbGned. It is not, therefore, possible to know when such animals 

e returned to normal bealtb, except by tbe mdicuti^^^ by tfie re$tora 

s; T !-r* “T * - — 

lulls sick, and this IS not made Rp during tbe resi of tbe 

Practical applications. 

problems that are met with m the course of dairy routine and practice. Only one 

E 2 
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application is considered liere, namely, liow it may be tested wlietller normal condi- 
tions ol feeding and management exist in a lierd and wlietlier tlie kerd has prodnced 
the best that it is capable of under such conditions. The other applications will be 
dealt with separately in a later section. 

It has been shown that the yield for a lactation or for a given period may be 
expressed as a funotion of the initial maximmn rate of secretion and the rate of 
decline. Two animals may differ with respect to either or both, of these characters. 
For purposes of illustration, Tables XI & XII are given. Table XI shows the 
monthly yields and total yield for U months of animals that have the same maxi- 
mitm but different rates of decline, and Table XII shows animals with the same rate 

Table XL 


Monthly rate of yield, of four lypioal animuls Turning the same initial rate of yield hut 

different persistencies. 




yiELK 

PKB MOUTH lU LBS. 


Time after oalving in 
months. 

Type 1 . 

T^pe 2. 

Typo 3. 

Type 4, 

1. 

1000-0 

1000-0 

1000-0 

1000-0 

2, . . , 

980-2 

941-8 

904*8 

869-4 

3. . . . 

900-8 

[886-9 

81S-7 

766*8 

4. , . , 

941-8 

836*3 

740-8 

667-0 

5. ... 

923-1 

786-6 

670-3 

671-2 

6. ... 

904-8 

740-8 

606-6 

496-fi 

7. ... 

886-e 

697-7 

648-8 

431-7 

8, . . , 

869-4 

667-0 

496-0 

376-;{ 

9. ... 

862*1 

618-8 

449-3 

320-,‘l 

10. ... 

836-3 

582-7 

406-6 

283-7 

11. ... 

818-7 

548-8 

367-9 

246-6 

Totei f*r 11 mentba 

9973-1 

8296*4 

7010-3 

6013-0 

S.*te ni decline per 
lb. per month. 

•02 

•06 

•10 

•14 


*9802 ‘ 

•0418 

•9048 ' 

•8693 





Yield pet month in. lbs. 


► 

,;t ■ ■■■ 

i 

! 


Total for ii months 


Rate of decline per lb. per 


month. 


Ratio of any month to that 


of prece^ng month. 
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of declino but differeut niaximum yields. Table Xll sb^ of deolme 

is tbc same, tlie total yields are proportional to tbe maximum yields. On the other 
band, Table XI shows that with the same maximum the total yield decreases with 
increase in the rate of decline. When the decline increases from 2 to 13 per cent, 
or wliich is the same thing, when the persistency decreases from *98 to *87, that is, by 
11 per cent, the yield for 11 months: decreases by 40 per cent. TO by the 

way, how important persistenoy is as a factor in the economical production of milk. 

Again, it will be noted that the yield for any month bears a constant ratio to 
that of the preceding muiitii. In actually observed data the ratios wiU not be so 
exactly equal, but tliey generally tend: to equality as has already been observed in 
Tables I to IX, where the departures, from the calculated values were found to be 
very small indeed, a herd as small as 2-2 (Fide Table IV) giving very satisfactory 
results. The constancy of this relation makes it possible to test if normal conditions 
of environment exist in a herd. If Fg* Fsj represent yields for the first 
second, third, etc., month of lactation beginning with the first full calendar 
month, the following relation will hold good 


The value of this ratio will be, as will be seen from Table X, *8968 lor the 
Indian cow, *9121 for the cross-bred and *9112 for the buffaloes. A serious depar- 
ture from this value indicates the absence of average conditions, and serves as a 
useful pointer to the dairyman to look more minutely into the feeding and manage- 
ment of his stock. 

Figures 3 and 4 show how this can be verified graphically. They represent 
Tables XI and XII, respectively^ It will be seen that the slope of the curve 
is greater the greater the rate of decline, and they are Tnore or less parallel wlicn the 
rates of decline are identical. The slope*, therefore, is a measure of persistency, and 
by drawing a curve for the herd to be tested by the side of the curve for the herd 
under average conditions it is possible to see if normal conditions existed. 

More accurate results are obtained by drawing the curves on a logarithmic 
scale. This consists in plotting the logarithms of the yields instead of the yields 
themselves, or which is the same thing, by plotting them on semi-logarithmic paper 
instead of on ordinary cross section paper. Figures 3a and 4a are reproduc- 
tions o£ Figures, 3 and 4 on a logarithmic scale. Here the curves appear as 
straight lines, and in the case of straight lines the differences in slopes can be more 
readily appreciated,- and. exactly me^ur-ed. If two animals are equally persistent, 
parallel lines will be obtained’. : It may be. noted in, . .passing that the slopes of 
these lines divided by *4343. direptly give the rate d decline per pound per month. 
The methpd. of eaTtoulation is explained in detail in the Appendix. 





BATE OP DECLINE IN MILE YIELD OF VAlilOES YYPES OF OATPLE 


TKe metjbod explained above is particularly useful wben reviewing tbe results 
of, say, a year% production. Thus if two farms show two different figures of 
production for lierds of tbe same breed it is conceivable to suppose that the 
yields have been affected through their constituent, persistency, and if feeding, 
management and care of the animals had been the san^ in both the fanns the 
yields would not have been different. Faults in management can thus be easily 
checked by means of the lactation curve. 

In making comparisons like the above, however, due regard should be paid 
to the economy of feeding. It is possible to show higher persistency by forced 
feeding and making the animals yield milk beyond the point of greatest ejfBciency. 
"When this point is passed the food required per lb. of milk is bigber tban that 
required on a lighter ration. In this connection the following table may be of 
interest—it is quoted by Boss, Hall and Rhodes in tbeir study of tbe feed cost 
of milk and fat production as related to yields, and it refers to Holtsmark’s work 
based on 846 dairy herds in Norway, owned by practical farmers with the idea 
of producing milk for profit. 

Table XIII. 

Relation between the aniount of feed consumed and the milk ^produced by 846 dairy herds 

in Norway according to Holtsmark, 


Number of feed units consumed. 


Yield of 
milk per 100 lb. 
fefd units. 


Yield of milk per cow. 


Kilograms. 


Kilograms, 


1.500 

2,000 

2.500 

3.000 

3.500 

4.000 

4.500 


923 

1,424 

1,813 

2,131 

2,390 

2,632 

2,837 


61-5 

71*2 

72*5 

71*0 

68*5 

(55*8 

6.3*1 


The point of greatest efficiency is reached in the third group. Groups of cows 
fed more than this amount show decreasing yields per unit of feed. 


Summary and CONCLUSION. 

498 Milk Records ot cross-bred cows, pedigree Sahiwal cows, ordinary Sahh 
wal cows and buffaloes were analysed for examining at what rate milk yield falls 
off as lactation advances. It is found that the rate of decline is the lowest in 
pedigree Sahiwal and highest in the ordinary Sahiwal ; the buffalo and the cross- 
bred are more or less on the same level and come between the two. The 
rate of secretion is attained at different stages of lactation in different indivi- 









Maximum yield 
per month 
in lb. 


Ordinary Sahiwal 


How tliis infommtioB may be made use of for eompiitiiig whole or part of a lac- 
ta,tioB. is illustrated. 

Barring minor variations, the yield for any month bears a constant ratio 
to tliat of the preceding nionth. This property enables the dairyman to test if 
cnviroiimental conditions like feeding and management iii the herd are normal or 
not. The ratios for the different breeds are tabulated, and examples are given 
showing how the jactation curve (^.c., the curve showing the change in the rate 
of milk secretion as lactation advances) may be drawn for a herd and how the 
existence of normal conditions may be 'tested. Exam^^^ are also given showing 
how the best values of the maximiim and the rate of decline may be determined 
from a given set of data. 

A table is appended showing the importance of the rate of decline as a 
factor in the economical production of milk. Here the total lactation yields cor- 
responding to the different values of the rates of decline are recorded. 

The writer wishes to acknowledge hie deep indebtedness to Captain G. E. 
Macguckin, M.B.E., Assistant Director of Dairy Farms, Northern Circle, Lahore 
Cantonment, for the valuable advice and guidance he has received from him in 
the preparation of this paper. 
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APPENDIX, 


CAT/1ULATION OP THE KATE OP .DEC.LTN,E. 

In calculating the montlily rate of decline it was mentioned in the text thati 
the yield for the first fortnight was omitted. The monthly yields tahiilated are, 
therefore, suceessively yields for *6 to Vo months after calving, 1:6 to 2*5 months 
after calving, etc., the mid-points^ of these jieriods being 1, 2, 3, etc., months 
after calving. Thus if time is measured to the middle of the month, we have 
yields per month at 1, 2, 3, etc., months after calving. As maximum rate of 
secretion is almost invariably reached between the 3rd and the 6th week of 
laetatidn, the yield per month at one month after calving represents tlie maximum 
rate of secretion. As the equation made nse of represents the lactation curve only 
from, the maximum it would be more convenient to measure time from ma, Trim, mi 
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lUustndimi of the method of computation of the fate of decline cmd m£i.wm^ 

(Data : Ordinary SaMwa-ljN. Circle. 


Time in rntmths from raasiimim 


Tctal 


Milk 

jdeld per month 
in lb. 


495-7 

443-2 

390-4 

3S1-2 

314-7 

287-7 

253-9 


Logarithm 

of 

yields 

Tjogy, 


2-6952 

2-6481 

2-5915 

2-5466 

2-4979 

2-4590 

2-4046 


17-8398 


Prodnet 
of (1) and Cd) 

i X log y. 


2-6461 

5-1830 

7-6365 

9-9916 

12-2950 

14-4276 


52-1798 


2-6952 

5-2922 

7-7745 

10-1820 

12-4895 

14-7540 

16-8 322 

70-6196 


Symbol . . a I 

Rate of decline.. 

6 times total of column 3 (=6a) . . . =6x17-8398 
2 times total of column 4 (=25) . . . =2x52-1798 


Difference 

This difference divided by 56 x * 4343 gives 


107-0388 

104-3596 

2.6792 


•1101 

which is the rate of decline per ib per 
month. 


3/8 of difference . 
Total of column 3 , 


Maximum. 


Sum 


. ---= 2-6792x3/8 


1-0047 

17- 8398 

18- 8445 


This sum divided by 7 gives 2-6921, which is the logariibm of maximum. The 
maximum is, therefore, 492-0 lb., wliich is read from a table of antilogaritbms. 

With the exception of the last step the details of calculation are ihe same, 
whatever the number of observations. In the last step also there is some uniformity : 
for finding out the difierence of the totals oi the columns it is always twice the 
total of column 4 that is to be subtracted, and always the difference has to be 
divided by "4343. Thus ivith six observations (0 to 5 months from maximum) the 
formula for rate of decline would be 

¥5x*434a 

With 8, 9 and 10 observations the formulae are respectively, 

7rt'~-S6 8a— 26 . 9a— 26 


X65x*434:3* 




> r - ’ . V • 


GrapMcal Computation. \ ^ 

Bata of yields are collected as bt€ore. That is, yields are found between ‘6 and 
1 5, I 5 and 2'5, etc., months after Gaiviiig, Their logarithms are then found and 
plotted as shown in Eig. 5, againet time in months as abscissa. A straight 
niie IS then drawn to pass as closely as possible to all the jmints. Very great 
judgment should be used in drawing this line to see that it is the best fit to the data. 


Ihose formulae can bo geiicralised. Thus if n observations are available (0 to — 1 
iuontlis) the rate of decline is 

{n — 1) a — 2& _ 

A general formula may bo given for finding the maximum as well. With seven 
u.umfhs we took "y.S of the difi’eronce, with 8, H/b would have i o be taken, and with 
yMibservatlons we liave to take 3/(-n-j- l) of the difference. This when added to a and 
(iivided by the number of observations gives the logarithm of the maximum. 




■ «5 'S' 

h 7 

Moriths after reacliing ttaximum. 

Fia. 5. 

(1) OA _ 

OB X *4343 ■ decline per Ib. per munih. 

(2) Antilog of OA is maximam. 
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OA and OB, and divide tlie ratio OA/OB *434^^ The quotieat gives the rate of 
(lecliue per moiitli per Ih. The working is shown at the foot of the graph. Care 
should be taken to see that the distances OA and OB in inches are reduced to 
logarithms and months respectively before finding the ratio. 

The logarithm of the maximum is given hy OA. Though this method is mnch 
simpler, it is less acenrate, for a good deal of the aecnrac.y depends nprai tlio care 
and judgment of the fitter of the line. 

Bow to draw a hoMion. e/iim for a herd. 

Yields are generally available for each calendar month oi lactation. The yields 
of the months of calving are omitted, and the average yields for the first, secnnd, third, 
etc., fnll calendar month of record are foimd. These are plotted against time, first 
observation representing first month, 2nd observation 2nd month and so on, A 
smooth curve is then drawn passing as closely as possible through all these points. 

As anything from 0 to 30 days may have elapsed between the date of calving 
and the beginning of the first Ml calendar month of record, the average of the 
omitted period would tend to he 15 days in a herd, when the herd is not ver}^ small. 
The observed, yields are, therefore, yields for the first, second, third, etc., month of 
lactation when time is mea.siired to the middle, of the. month ; and this agrees with all 
the foregoing calculations. 
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Introduction. 


Few liooks have heeii writbeii on indigenous drugs by medical, men in. India and 
fewer still on the drugs used in vGte,rina.ry medicine. Even in these, most oi 
matter is either a translation of old literature or hearsay evidence about the uses of 
the drugs obtained from rial ives and quacks. In certain, cases medical practitioners 
have described the actions of tlie drugs vvliich, in their experience, have been found 
useful in practice and there are just a few which have been investigated on modern 
scientific lines. Observations based on a few eli.nioal cases are, however, not reliable, 
as some diseases arc cured by nature, independent of the administration of any 

( 63 ) 
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mcfliciiio, aufl tliG partioiilar drug used may be giveii credit, wliicli is iiujiisi-iried by 
i'act. More.cu^er if a new drug is administered wdtliout experimental loiowicdge 
of ii.s actions, it may prove liarmiul nr even fatal in certain cases. In India sucli 
e-dects are not uncommon botli amongst Jiiunan beings and animal-s in tlie liands of 
fjuaoks. 

Experimental pharmacology h elps to overcome these difSciilties. The pliysiolo- 
gicnl action, of a drug is first studied on healthy Its actions are furt.Iior 

si udied, on various organs on small animals like the dog, cat, etc., with the liclp of 
delicate apparatus such as the kymograph. 

In the light of the tracings thus recorded and other experimental data similarly 
obtained a drug can be used w.ith safety and confidence in the treatment of certain 
diseases. In. this way many indigenous drugs having a false reputation may he 
discarded and useful ones introduced in medicine . 

Eesearch work on mdigenous drugs is a necessity especially in the veterinary 
profession for the following reasons 

Firstly, economy is a great consideration in Ihesc days of financial depression 
and especially in veterinary practice, whe.ro the medicines used .in the treatment of 
animals are given, in ounces and pounds. Eoscarch work on indigenous drugs not 
only eliminates wa.ste but allows of efficacious country drugs being procurable at tlie 
mere cost of collection or at n. nominal cost from tlui ]j.a55a.r. 

Secondly, in the villages where allopathic drugs are not available, cheap country 
medicines can easily be used in the treatment of animals, 

T.liirdiy, in the outbreak of epizootic diseases hundreds of animals get afiectrai 
at a time and treatment with allopathic drugs is very expensive. There the use of 
efiicacious indigenous drugs helps to slove the economic difficulty. They are likely 
to ho less expensive and easily available. 

Fourthly, the results of original research in pharmacology perfonned on animals 
may prove unreliable, when applied to human beings but in veterinary work the very 
^ animals to be treated are those used in experimental work and the exjierimental 
results obtained are thus much more real and reliable. 

There is no doubt that the methods of collecting drugs, Their storage and 
preservation in the hands of shopkeepers are defective and render many of them 
useless for medicinal purposes. This can be immensely improved by collecting the 
drugs at their proper season and time, and preserving them as tinctures, extractvS, etc., 
which delays deterioration of the drugs and preserves the active properties for a 
considerable tipae, 



riahlropis 2 >mara believfid by soiiio to bo a dilTeront variety from the Gufanlca, but tho inedioinnl 
proj)artios are the same. 


aALOTROPJf^ rnOCU'lBA Ami CALOTBOPT,^ GKf antra 
FoMEiNTOIxATUBK 

Smi. Smishnt.—Afha, IftnveR of i, he plant, were nsofl 

ill Biiii worship ill Vedio times, lienee it is called Siiri/a~pitlfm or snn-leal). HanslvTlt 
writers mentioned two Yarieties fonncled upon the coloiix of the flowm-s, namely, 
white called yfhr/'Z'VMind ml caned J.f/cff'. ^ 

Ver.-M<!dnr (I) Hindi; Bengd^ Bomhay, Ak Pnnjn])i„ 

Emfhi Tnm:., Mmidammii Tel,, BijehsM Bind^ 

Htstoby. 

The ancient name of the plant occurs in Vedic literature Arha, From one of 
the Sanskrit names of the plant, namely; Jf on Madur is a comiptioii (2). 

(hhimfis Gigantea was first described and figured by Blieeds (2) and an 
accurate and detailed description, was given by Roxburgh at the beginning of the 
Ihth century under the na, mo 

Robert Brown subsequently showed that it was incorrect to describe this plant 
as A sole] lias, and he founded the genus Calotropis. Oahlmpis Proflcra wm fmt 
described from a specimen collected in Egypt by Prosper Alpinns and figured bi^ 
diim on his return to Italy 

: Botanical ANB SENSORY 0HAEA0TEBs;' ' v\^';^^ 

A middle sized shrub, young parts covered, with a pressed white tomentum ; 
bark pale. Leaves suhsessile, opposite, broad, obovate or oblong, a onto or acumi- 
nate, base cordate, coltpny beneath. Flowers medium sized simple or compound 
arranged in axillary or subterminal pedunculate, corolla | fcol inch ac.ross, duii-pnrple 
or purplish-lilac, or white ill colour (1). 

Boot-bark.-— Tho outer surface is yellowish grey soft and corky, ' fissured' longi-; 
tudiiially and can be easily separated from the middle cortical layer, which is wliite 
and friable. The taste is mucilaginous bitter and acrid and the odour peculiar. 

Seeds. Ovate ;| -inch long with a bright, silk white coma. 

■■ Pabts :,useb;' IN . iiiE .;mei)icinb. . 

■Root-bark, flowers, milky Juice and leaves. The part mostly need is tlie root- 
bark., . ■ 

Collection. 

The roots sliould be collected in the month of April and .May from sandy soil. 
The older jdants should be sidecf.ed for the collection of Hie mots, a,s ihc older lb 
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piaiit tlie more active is tlie bark in its effects. Tiie roots thus collected sboxild be | 

MEshed to remove particles of sand and dirt and dried in tlie open air without ex- | 

posiire to sun, ?iintil th,e milky Juice contained in them becomes so far dried that it 
ceases. to flow on incisions bsiiig made. The bark is carefully removed, dried and 
reduced to a fine powder. 

V^- CHEMICALCOMPOSmON. - 

Dr. Warden [1885], analysing the root-bark at Berlin, obta-ined white masses of 
cry5!t:ds and a yellov/ resin wliich were found to agree, as regards tbeir melting point j 

and behaviour, wiili solvents ..with Alban and Idiiavil respectively obtained from 
Gutta-percha by Payen, and they were accordingly named Madar- Alban and Madar- 
Fluavil. He also separated from tlic drug a yellow bitter resin wTiicb is p)robab!y 
the active principle. Dr. E. G. Hill and A. E. 8arkar [1915] analysed the root-baik ''' 

and liave pubiisbed the result in the Jourml oj Chemical Boeicty. 

The following is the summary of tlio results obtained from tlie quantitatdvf* j 

analysis of the powdered bark : — 


— 

YoTing plant. 

Old plant. 

1 


• 

< ’ • 

. . 

. • 

12*1 

10*2 

1 

i 

i 

1 

^ripirit rxtraot . 

• 

■ 

. 

• i 

i 

15*0 

.iG*2 

. ■ 1 

Soluble iu 

• 

■ 

. 

1 

.1 

! 

j ■ ■ ■ 7*2 ... . 

1 

7*5 

j 

Eeolns 

■ 


. 

*1 

1 7*8 

I 

8*7 . 

H 

q 

lotal ash 

• 

. 

« 

i 

• i 

7*0 

12*2 

i 

Sand 

. 

. 

, ■ ■ ■ ■. 

. . 

■2-8 ' 

7*2 


Pure ash . 




*• 

4*2 

5*0 



It is clear from tbe above-mentioned analysis that tlie root-bark ficin tbe older 
plants lias a higher percentage" of acrid and bitter resinous matter than that from 
the younger plants, -No alkaloid could be isolated so far from the plant. 

_■ • Preparations. 

The roots, collected from a sandy soil in the month of May and the hark peeled 
off and dried according, to. the instructions mentioned above. 



PLATE Vil 



(c) Showing the effect of a bigger dose (0'75 e.c.) of tincture calotropis on the intestines. Note the violent contraction 
produced under the effect of the drug. 



(d) Showing the action of the drug on an isolated segment of rabbits’ intestine. Note the marked contraction 
of the intestinal segment. 




OALOTBOI‘18 PBOOmA AND QAtjOTUOPIS alGANTtlA 


Tlie dried bark reduced to powder No. 20 and tbe following preparations pre- 
pared : — ^ 

Tincture. 

1. Calotropis root-bark No. 20 . . . . , ' . 100 gms. 

Alcoliol 90 per cent, sufficient to produce . r, . , 1000 e. c. 

Prepared by tlie process of jiercolation. 

2. Calotropis root-bark No. 20 . . . . * » lOO gnis. 

Alcohol 90 per cent, sufficient to produce . . . . 1000 o, o. 

Prepared by the process of maceration. (Maceiated for a week). 

3. Alcoholic saturated solution of calotropis iuiee. 

Mix alcohol 90 per cent, to the equal volume of Calotropis juice and shake 
thoroughly well. Keep on shaking four or five times a day for a week. Allow it to 
stand for a few hours and decant the saturated solution of the juice. 

Physiological action of the drug on animals. 

A rana frog weighing 36 gms. was injected with an alcoholic saturated solution 
of the juice into the anterior lymph sac and the frog showed the following symp- 
toms 

The respirations became infrequent 20 minutes after the injection. The frog 
was disinclined to move and there were occasional convulsions in the hind legs. It 
laid motionlesB and died an hour after the injection. The heart stopped in systole 
and was irritable to mechanical and electrical stimuli. Pithing of the spinal cord 
was followed by convulsions and twitching of the hind limhs. 

Tincture calotropis drachm one and alcoholic solution of the j nice minims 
30 were given to healthy dogs to study their actions. 

The symptoms observed on administration are nausea, salivation, vomitiiig. 
slowing of the heart and infrequent pulse. The saturated solution of the juice 
proyedyery irritant and toxic. It produced an acute gastro -enteritis, restiessnes.s 
and pain, etc., in addition to the symptoms mentioned above, and the death occur- 
red, about an hour after the administration of the drug. 

Experimental investigation in the action op the drug. 

When the juice is applied on the unbroken skin or mucous mem- 
brane ir acts as a powerful irritant and caustic. Applied to a scarified part or to, a 
cut surface of skin, the juice is a strong irritant and causes a swelling of the sur- 
rounding tissues, which is hot and painful. 
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InlernuU^.---hi a dog weighing 14 kgmB. under cHoralose anaesthesia, tite 
tracings were recorded with the helj) of, an eiiterog.rapli. ’ A stomach tube was 
]!a»scd and left in thejnsophagus. 30 c.c. GfWater administered per stomacli tube, 
as a. control^- did not produce a marked change, one c.c. of the tincture in 30 c.c. of 
water given per stomach tube produced a persistent increase in the tone of (.lie 
stoniiieii. l1io same close repeated again gave similar results. (PL VI, Pig. a). 

ISTuLo the persistent iiuu’ease in the tone of the .stomach in Pig. a at A and B. 

Tint drug increases the tojie of the stomach, 'Winni given, in the form of jaiW- 
tier, (lie oalotro[j.is root-liark iiicrcases the secretion of the gastric juice hy virtsu^ 
ol its Leiiig a hitter and thus improves the digestion and iiicivases the appetite. 
It is therefore a hiiiter tonic aiid stomachic. In larger doses it causes nausea and 
excites tlie flow of saliva and increases the bronchial secretio,n. In still larger doses 
it produces vomiting folio W’ed by depression and exlianstion. 

Ldcslincs, — In a bitch vveigldng 11 kgms. the movemeids ol the small intesl.iiies 
wore recorded wdtli the help of an enterograpii. The intravenous i.ujee.(ioii of (he 
tincture in small doses varyijig from 0*2 to 0*3 c. c. produc.ed an increase in the tune 
of the intestines a.nd a decrease in- the peristalsis. A slighl.ly larger dose 0'4 c. e. oi 
the (uncture produced a little relaxation followed by violent contraction of t.he 
intestines. There is a. relaxation again followed by coiitracticm. (Bl. YJ, .Big, b). 
A still bigger dose of the tincture 0‘75 c. o, injected in the, femoral vein produced a. 
violent contraction. (PI. VII, Pig. c.) 

Ifiohled aegnmU of iutesline. — An isolated segment of duodenum of a rabbit., 
placed ill a Bath cunbaiuing 100 c. c. of Tyrodes" solution Ix'ing oxygenated. The 
temjierature wus kept uniform at 37 C. throughout the exporinient. Tincture 
calotropis O’l c. c. added to the bath, where the segment of the intestine was hidel 
suspended produced a marked increase in tone. (Bj. ’Vlb ILig. d). The vagal 
nerve endings of another segment of rabbits''' intestine were paralysed in a bath 
containing 100 c, c. of Tyrodes' solution at 37 0. with atropine. The atropine 
produced relaxation of the intestinal segment due to vagal ])uralyHis. A('.i'o[)iiu' 
solution added to the bath again to ensure complete paralysis of the vagal nerve 
endings. This failed to piodiiec any further relaxatinu. The bath washed out 
and filled again with 100 c. c. of Tyrodes’ solution at 37 0. O’i c. c. ol the tiuelure 
added to the bath produced an increase in tone. (3?1, 'VUI, Pig. f.) 

In another experiment a segment of a rabbits’ duodenum was kept suspended 
in a bath containing atropine in Tyrodes* solution for 10 minutes to ensure complete, 
paralysis of the vagal termiiiatious. The solution was allow^ed to run and to tlie 
bath containing 100 c, e: fresh Tyrodes* solution, 0*2 c. c. oi (he tincture was added. 
This produced, a marked increase in tone which persisted for about 8 minutes. 
(H.IX,,Pig.g.) .. 


llillllllililll 







Ion of tlie drug on blood pressure of a dog wei 
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PLATE XI 


(a) Shomng the action of the drug on auriqle. and yentricle of 
H kgius. uiidGr para-IdeitydG Siusesthesi^i. -^K© lexers 

systole, and during diastole dotvttward,' 
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Another segnient of a rabbit's duodenum was held suspended in a bath and the 
tiiMdaire was added and produced a luarkod increase in the tone of the intestine. 
At B and 0 atropine sohition was added, which fail<3d to aiitogonise its action and 
could not produce relaxation of the intestine. (Id. X, Fig. J.) 

The volume of a loo'[> of ajj. intestine (small) was taken with the hcli» of an 
ojieumoier. This reiuiii tie tl practiei.ii})'; unaffected under ihc'' elfeot of the 'drug, 

(hi. Vfll/Fig. o), 

Oondkision.- -Tincture calotropis increases the tone of the intcstuics both in an 
isolated segment and when intact. It causes a persistent contraction and decreases 
peristaltic movements. 

After paralysing the vagal nerve endings the tincture produces a marked in- 
crease in tone, an action which atropine failed to antagonize. This shows that the 
increase in tone is not brought about by- stimulation of the vagal nerve endings, but 
most probably by the action of the drug on the miisciilature of the intestines.: i 

Clrculatorv appauatus. — Blood Pr<;%'S'irc.--T'he Ho was ' recorded 

in the right carotid artery of a dog wiiighing 17 kgms. under chloretdne anaesthema. 

Injection of tincture calotropis 0'2u to O’l c. c. in the dog produced a welb 
marked and persistent rise of blotjd pressure varying from 70 in.m. to 110 in, m. (.>f 
nicreury. The blood piossure remainvd high for about 4 to 10 luinutes after which 
it returned to its noriiiai level, but never went below noimaJ, 

In an atropiliized dbg with both the vagi cut, the rise in blood pressure is inure 
marked. '' (PL TX,' Fig. hmndBk^X Fig. i. y ' "/. :b'; 

HearL---TM action of the drug on the , heart was ' studied in a : bitch ,, weighing: 
11 kgms;' undet ’ paraldehyde anabsth esia. ' ' The ' tracings ' of ■' auricle^ a:nd ' v entricle: 
were recorded with, the help of a ' myoeardio-gi'a].>h and artificial respiration was 
co,riti,riiied throughout tlie experiment. ' Ti'iictuiitv -calotropis O’T ' c. c. :inji‘.ct(Hl i,iitb 
iJui femoral vein produced a. marked and persistent increase in the force of beats, 
both of auricles and vt;nt:ricles. The .increased, ventricular oontr<ictio,ns were more 
marked. (PI XI, Fig. a). ^ 

The volume oi the heart in an at.!,-o].)IuiKed deg y^-us rectirdod with 'tlie Jieip of 
cardio-iuelcr. Tincture calot!' 0 ‘j.».iw injeckMl intiuveiiously sliowod a marked 
iucreusc in tlio vohune ol the heart. (PL Xti, Fig. b). 



cles were recorded with a heart lever. 

Explanation of tracings is iliastrated in PL XI?, 1% d. During systole the 
lever makes an upstroke, and a down stroke during diastole. 


A. Koriaal tracing of the frog’s heart with Einger’s solution. 

B, The heart was perfused with 0‘25 per cent, solution of tincture oalotropis in 
frog Einger A solution. This produced a slowing of the rhythm and an increase 
in the amplitude. 


C. The rhythm was slower still and amplitude increased toward systole. 
The svstolic contraction was increased and the dilatation during diastole was 


D. The rhytlim had become very slow and the diastole was much prolonged. 
The toxic action of the, drug has sot in. 

E. The toxic action was more pronounced. The action of the heart was very 
slow, irregular and intermittent, heart block was present and ultimately the heart 
stopped in, systole. 

Condusioiu — The action of oalotropis on the mammalia, n. heart is to increase the 
force of the systolic contractions and to cause a persistent increase in the amplitude 
of contraction and relaxation of auricles and systolic contraction of ventricles. 
Thus it increases the output ot the blood and raises the blood pressure. In the 
frog’s heart it produces an increase in the force of beats and marked slowing of the 
rhythm. In toxic doses the heart becomes infrequent, irregular and intermittent. 

The bronchioles were constricted and there was a marked fall in the blood 
pressure under the effect of arecoline, Tincture calotropis 0. 4: c. o. injected intra- 
venously produced an increase in the intrathoracic pressure with a rise of blood 
pressure. This was duo to the dilatation of the already constricted bronchioles 
(under the effect ot arecoline) and consequent increase o.f the volume of the lungs. 
(PI. XIII, Fig. c.) 

Uterus . — An isolated strip of rabbits’ uterus was suspended in a bath con- 
taining 100 G. c, of Tyrodes’ solution at 37° G. Tmot lire calotropis 0. 1 c. c. added 
into the bath at the arrow mark (PL XV, Fig. e) produced a strong contraction 
of the uterine strip with incomplete relaxation following. The stimulating action 
occurs in all animals, whether pregnant or not, and the action is attributed to 
direct effect upon musculature. 




(c) Slifnviug the action of tincture calotropis on tlie 
iinrathoracic pressure of a dog weighing 11 kgms. 
under chloretone aiuesthesia. The bronehiols were 
already constricted under the effect of areecilino. 
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Toxicology. 

The milky juice of the plant is very acrid and is used for criminal purposes as 
an ahortifacient and as an infanticide in Imman beings (6). When applied on the 
raw siiriace or over a freshly cut skin, it is absorbed and produces an acute 
inflammatory swelling of the surrounding tissues and may produce general poison- 
ing. The milky juice is sometimes used in mallacious poisoning of cattle. 

The folio wing experiments were imdertaken to study the toxic action of the 
drug:--' 

■ 'T. -'h. 

(Sh&Jefif. -“"A healthy dog weighing 8 kgms. 

2-30 P.M, pulse 92 per minute. 

2-35 „ Tlie following was given by stomach tube : — 

AlcolioUc saturated solution of Calctropis juice . • • . •> 40 nu 

Aqua . * . . ... • . . . . • 2 c’tz . 

2-40 p.M. The dog walks about, cries and is restless. Pulse 106 per minute. 

2- 50 ,, Nausea, attempts at emesis and vomited twice. Pulse 105 per minute. 

3- 0 ,, Vomiting continued. The animal arches the neck, lowers the head and 
malics several attempts at emesis but only ; vomits a white foamy liquid. Pulse 
90 per minute. , 

3-S p.M. Passed semiliqiiid faeces. Pulse 88 per minute. 

3-15 ,, The animal looks depressed.; Dribbling of saliva from the mouth. 
Occasional attempts to vomit. Pulse 76 per minute. 

3-25 p.M. The animal xmefets to lie down a,nd shows a great desire for water, 
which liowcvcr is quickly rejected on drinking. Pulse 68 per minute . 

3-35 p.M. Dribbling of saliva continued and the animal remained lying for most 
of tlie time. Pulse 66 per minute. The animal looks very much exhausted. 

3- 46 P.M. The dog keeps lying down and pulse 90 per minute. 

4- 15 ,, The dog lost control over the hind limbs. Pulse very much accelc- 

mted, weak and almost imperceptible. The animal died after a few convulsive 
movements at 4.-18 p.M, \ ; 

Fost-mortam rcpori—Acute gastro-eiiteritis with excoriations of the mucous 
mem!>raues. 

Congestion and fatty degeneration of the liver. 
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1.L . . 

To anotlicx dog weigliiug 8 kgms. aicolioiic gaturat<Al soliitioii of tiie Juice 
16 m. ill 4 dr. of dintilied water mis administered BubcufaneotiKiy. Tlie animal 
slio\yed the following symptoms : — 

After half an hour’s time tlic dog became reiitless, jum])ed and cried, 
Eespiratioiis accelerated and laboured and profuse salivation from tlie mouth. 
Pulse iafreqiiciit, lafer iiTegnlar arid intermittent. The animal died an hour 
and three minutes after the injectioii. 

Post-mortem revealed an enteritis of the .small iutcstiue.S 9 fatty degenerafckai 
of the liver and endo-earditis close to the apex in tlie left ventricle, 

IIP 

Tlie third dog weighing 9 kgms. was injected with 15 min. of alcoholic 
saturated solution of l4u; juice in 4 dr. oi’ sterilized distilled water intra-peiituneally. 
The animal uldered. a few cries, walked round, dribbling of .saliva from tlie mouth 
and fell down. The pulse was weak and imperceptilile and soon the heart stopped 
lieating. Tiie animal took a few gasps and died 7 minutes after tlie injeotioii. 

iV. 

Doukey male c. b. moiise«coloured 10 years. 

The alcoholic saturated solution of the juice 1 dr. injected Bubciiianeously. 
TiicanimaiBhowe.dthefollowingsymptom3:— 

After 15 minutes there was persihration all over the body particularly over 
the scrotum, neck and cans, 

Eespiration accelerated. Later the animal became restless, bathed in per- 
spiration, lost control over the hind limbs and fell down. The animal tried to get 
u]) but could not do so and strikes its head against the ground, Eespiration 
infrequent, pulse weak and frequent, neighing freipienily. The animal kept 
lying down, respiration deep and oeca.«ional, puke very weak and almost imper- 
ceptibie. The donkey died an hour and eight minutes after the injection. 

Post-mortem. Liver highly congested, small intestines inflamed and kidneys 
congested, 

A dim horse 7 years old was admitted as an in-pa.tient on the 4th June 1031 « 
The animal had a contusion of the off shoulder. The owner tnjai.ed him by 
applying calotropis juice over the shoulder after scarification, wIiiiE proiluced 
symptoms of poisoning. There developed a huge painful swelling on the shoulder. 



PLATE XV» 



(c) Sliomng tlie action of the drug on an isolated strip of a 
rahMt’s uterus. Note the marked contraction nndei 
the effect of the drug. 


f ) Showing the toxic actir.n of the drug on a dog iN-cighing 12 kgms. under ehlorotone aniosthesia. Note the sudden fa 
^ hi the Wood pressure duo to stojipage of the heart under the toxic effect of the diug. 
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jH.‘ck aii(l extending tJic JioiuJ. Tlie iuiiiual was restlf.sK aiui 
e<aihl iiul. licnr ou tlie oil fere leg. Tlse HWolleu parts pit on pressure and 

(]u.‘ preseepular h'lni'li gland was eiilargcd and swollen. 

Ees[»iration and pidsc aeeclerai.ed. Temperature raiigtid between 102“ and 
lOO-r'F. ■ ■ ■ : 

Tlie. restlessiK^ss iiierr-esia! and the ncrviais synipkatis d(;velupe,d, the animal 
striking liis head againsii I lie. ground a lul ]'eina.ined lying most ol tl.ie time. There 
WHS t I’ritddinj- of (he muscles and the animal was in a great distress. Died on the 

Jane IhJd. 

To sludj the toxic action of t.iio drug further, tjj<; respiratioji and blood 
liressure were, ree.orded, in a dog. I'hc alcoholic saturated solution of the juice 
0’5 c. e. in je.e.tetl into the femoral vein lii'st raised the. blood pressure and tlien 
brought it down to zero. The hea.rt sto]i])('d bcalhig and the resjiiratious liecanie. 
irregular a.nd intcriuitteut but they continued even after the heart stojjpecl. (Pi. XV, 
Figv'f.) 

The jui® is very Irritant and coiTosive poison. It produces an acute giistro- 
enteritis when given by mouth. When applied ou a scarified skin over a largo 
area (U' o\'er a raw surface, it produces an extensive, painful swelling. It acts 
particularly oii the small intestines, liver and heart after absorption. There is 
a very little danger of its poisonihg when applied on an indolent ulcer or over 
chronic yoke and saddle, galls. This is due to the fact that in indolent and long 
standing ulcers a lot of fibrous tissue is formed, which checks its absorption and 
thus the action remains localised to the part where it is applied. 

Anildak's, In cases of poisoning by calotropis, demulcent and nmcilaginoiis 
drink's such as milk, rice gruel, etc., should be, given and inorjfiiiuc and atropi 
admiuislcred to allay the })aln. If the poisoning is due to absorption from 1 
Nldii, iljo local treal-meiit consists in applying cold "water to tJic swollen pa 
followed l)y Gl 3 '<‘erinc Jleiiadouna or some sucli soolhing prcjiarations. If tli 
j nice is sticking to the part, it should be well wasiiod and tlie juice thoroughly 
n-nioved before any otlier application is made to the ])art. If there is a danger 
of ]ica.i't failure difi'usible stimulants and heart tonics such as ether or camphor 
ai'c indicated. 

JJimwmn. Tinctures of the drug were proprared botli by pereolatioa and 
inaceration, according to the directions of the British Pharmacopoa, but those 
[irepared by mace.ration were found })harmaco]ogically more active and a tincture 
prepared iu this way was used throughout the. experiments in order to maintain 
uniformity. 
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The alcoholic saturated solution of the juice, being highly poisonous, is never 
used in ordinary experiments. This is used only when toxic action of the drug is 
being studied ; as the juice is the common cause of poisoning. The decoction has 
been found to have slight pharmacological activity. 

Doses. ■■ 

Tincture caloti'opis increases the tone of the stomach and intestines. Both 
pharmacologically and in toxic doses the drug appears to have a selective action 
on the liver and small intestines, whatever channel of administration is used. 
The action on the intestines is not by way of the vagal nerve, as it persits e^'eii 


produced by tincture calotropis cannot be antagonized by atropine. The drug 
appears to act OB the musculature of the intestines. 

It causes a slowing of the pulse and at the same time increases the force of the 
heart and raises blood pressure. 

Doses.-~--(per mouth) Eoot-bark powder. Dog . . . 2 to 8 gr. 

ITotsc and cattle . 

1 to 2 dr. 

Tincture of calotropis root-hark. Dog . 

5 to 16 m. 

Horse and cattle. . 

2 to 3 dr. 

Bubcutaneous iujection. in a Dog . 

drachm of steiiised distilled 
water. 

2 to 8 m. 

Intravenous injection diluted Dog . 

in 2 c. c. of distilled water. 

2—5 m. 

{The biggest doses of the tincture given suhcmtaneoiisly ])roduc*evl localised 
swelling.) 

My tbanks are due to W. Taylor, Escp, M.E.C.'V.S., D.V.IL, I.WS., 
Principal, Punjab Veterinary College, Laliore, for las hind advice in connection 
with this work. 
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PRELIMINAEY NOTB ON THE USE OE GOAT TISSUE VACCINE 
ALONE FOE THE CONTROL OE OUTBEEAKS OP EINDBEPEST. 

. BY 

P. X KEEE, IXS., 

}Hfeel(yi\(Hi)ilYderinafyBepafbmiiLBmgal 

AND 

M. B. MENON, 

Telerinafy Imcstigatkm Officer, Bengal. . 

(Received for piililieation on the otlrFebruiiry 1U.S4.) 

Intboduction BY P, J. Kerr, I.V.S. 

A brios ijiliodiicticn is nec.cssarj- to this note on the nse of goat tissue vaccine 
for the control of outbreaks of rinderpest. On the advice of Dr. Edwards, Late 
Director, Imperial Institute of Veterinary Eesearch, Muktosar, goat virus has been 
used in Bengal for immunisation of cattle by the Serum Simultaneous method since 
1929. The beliaviour of the controls used in these operations led us to believe that 
goat virus alone might possibly be used with safety. Experiments on a small scale 
were carried out to demonstrate this point, with most encouraging results, but had 
to be closed down for want of funds and staff. 

It was not. known to me that Menon had already experimented with ,goa.t virus 
alone on a small scale in 1027-28. This work was referred to by Major Stirling in 
Ids report, 19152. In tlie meantime this work was taken up independently in the 
Central Provinces by hfajor Stirling and in Mysore by Major Simpson. The results 
of these oilicers amply demonstrated the safety of tins method for plains cattle 
which had not been subject to the risk of natural infection. It appeared to mo 
that tile next step was to test the application of this method in the face of the 
tjirw-nse and also its safety for buhahx's, if full benefit of ilic method Avere to be 
olitained. 

In my opinion there are several object.ions to the wholesale, immunisation of 
cattle against rinderpest. 

(1) An elfoctive campaign on these lines is not possible with the veterinaiy staff 
employed in India, 


( 76 ) 
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(2) The imramiisation of all the scnih cattle in India is not clesirahle, were it 
'possible.. 

(3) It is only in face of an outbreak that all siisceptihle animals mnst be inimu" 
nised, as, good or bad, they can act as a source of infection and spread the disease. 

(4) To apply virus alone inoculation in the absence of the disease is liable to 
bring the method into disrepute, as ignorant owners are apt to opine that w6 have 
introduced the disease for our own purposes should any serious reactions occur. 

Before putting the goat virus alone method in face of the disease into practice on 
an extended scale I went to Muktesar to discuss the various aspects of the matter 
with Mr. "Ware, the Director of the Institute, and Mr. Haddow the Serologist. I 
learnt that the latter would shortly be prepared to issue goat tissue virus instead 
of goat blood virus. For the purposes of this note I liave adopted the name of goat 
tissue vaccine for the former product, tissue vaccine for short. 

On the appointment of Mr. Menon to Bengal as Veterinary . Investigation Officer, 
I decided to utilise his long experience and special knowledge of rinderpest work at 
the Institute, and to concentrate on this prohlem of the use of virus alone to control 
outhreaks of rinderpest. 

Goat virus alone in face of toe disease. 

In the first instance goat blood virus was used. The seed virus hemg obtained 
from Muktesar from which the virus for injection was freshly prepared in tlie field. 
1774 inoculations were performed in this way with very encouraging 
resnlts': — 

Reactions. Deaths, 

Cattle , . . . V 10-OT)75& 

Buffaloes , . . . 9 : 4»=>44% Nil 

In each case the outbreaks were controlled but in the course of this work it was 
evident that this method would not he suitable for general application in place of 
serum, if goat feZood virus were used. 

1- The technique of this method was beyond tlie ability of the average Veterinary 
ABsistant Surgeon to carry out singlehanded. 

2. It necessitated the presence of a more experienced officer particuhirly with 
regard to the interpretation of the reaction in the virus producing goats. 

3. There was unavoidable delay of 3-4 days after arriving at tlie seat of outbreak 
while the viru? was under preparation. 



GOAT TISSTTF. VACOIKE FOR f'OTSiTROL OF OTTTRRFAKR OP RTNFFRPERT 


'i. Tliero woro difiicrjli.iof! in ro"nr<] to sicoilisation of ilto appliaiicoe and iiistru- 
nicnis iincl(‘,i- Jleld r,uru]itlonH. 

It Y. 'an a.lso impraeticsdile to maintain at IiftadfjnartorB a larg'o slofk of froslily 
pr(',|inrod blood virus to issue in phiee of scrum. 


Goat tisstjp, vao<,!i\'f in face of tiif, dtseasp. 

W decided to coiiiiiiine ilio woj'k usin^^ ^iU>at' tissiio Y'accinc, Tdio advantages of 
tigsue vaiua'ne are 

1. It is iKi.&y to prepare at ]joadc|uari(‘rs. preserve in sealed ampoules, and keep 
in, cold storage till requTO^^ 

2a These ampoules are handy for jtac,king and dos])aloh hy post. 

3. The yaecine can he ready for injection one hour art<;r receipt. 

4. One goat produces 2^)00 to 2, noo (loses as ruunparial with some HOO doses of 
hlood vlins (Small Bengal goats). 

5. It retains its potency in cold storage at F for 30 days after preparation 
and for 7 days at room, temperature after removal from, cold storage, under cold 
weather conditions. (Maximum tern oerature SR'^F 1 


oeverai preliminary tests liaci to be earned out to ascertain the above facts as 
ability of the vaccine. The tests of the viability of the vaccine in cold stornce 
carried out at the Bengal Veterinary College during October, 1938. Then 
? to lack of facilities to carry on this wo.rk there, the subsequent tests had to 
ostponed until a temporary vaccine depot had been established elsewhere. 
3 fcBts A^nre eventually carried out during the X mas holidays at Barrackporo. * 

nio spleens of the viability experimental aniniais were to 

ed i^icers in the distnet for the cniiteol of outbreaks of iinderpe^ place of 
n From the establishment of the Barrackporo depot at the; beginniiuT of 
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The seat* of oiitbieat were inspected by leaponsible officers B to 0 days and 10 

to 11 iyVafter the inoculation to ascortam results. Ammals were judged to be 
”tors if they showed olinioal symptoms of fever. We personally inspected as 
reaotom ift ^ tally for the most part 

wSrae of other officers. Taking into considerations the large number of animals 
^Lated andthe readiness of owners to report unfavourably upon any new 

ifottreatment we feel that the report.ing is reHabk 

ratlier tlian for the new metliod. 

Over 3 000 animals in controlled herds were done under our personal supervision 
and subsequent iiapection. In these no hearsay emdenee was taken and the results 

were raore^avourable than generally reported by other officers. 

The selected localities for trial of this method were as widely separated in tne 
province as the incidence of disease permitted. We were also handicapped to s ome 

extent till rmas, bv our uncertainty as to the viability of virus after issue from 

coffittoge It had been demonstrated potent up to 4 days, but this was not ong 

en^ffiis use in the more remote districts to reach which a parcel takes three 

days "by post. _ ^ ^ , 

The need for the careful application of this method iii each distect of the 
orovinco has been appreciated as the incidence of reaction is far from “ 

s«optibiUty may be higher in submontane tracts from the mixture of hill blood. 

Tt was not possible to take the temperatures of all wiimals inoculated, and 
some^ew were dine while in the inciihation period of the dise^e These have. 
hoTeL, been included in out main calculation of results, but subsequently 

abstracted. 

It was not possible cither to take temperatures of all reactors reported. It 
was expected that buffaloes would show a Hghor percentage of reactions and this 
was found to he the ease. In one instance all the male buflaloes inoculated s ow c 

a strong reaction, while the females reacted normally. This must be put down to 
thtfaot that all the males were put to work immediate y after injeotion and kept 

JZa until they wont sick. No fatality occurred. In order to modify the 
lltion in buffaloes, if possible, the dose was reduced to i c.c. after this expenonco. 

To test the immunity conferred by giving J o.o. doses, two bivSaloes were 

tested four weeks after immunisation by giving them 1 c.c. of fresh bull virus 

■ ' obtained from a natural case of rinderpest. No reaction whatever was shown 
Likrlv the immunity conferred by giving cattle 1 c.c. of tissue vacomo was tested 
' bypving 'I o.o. of fresh bull ■ virus taken from the same animal. No reaction 


I- _ 



C?OAT TlKMUE VACCINE FOK CONFKOLOF OaTBEEATW OF RINDK'Rl'EyT 


"otvum'd. 'Cwenty aiiiinalB were selected for tliis test, 10 cattle ajid 1 bulhiloes. 
Tile animal fvum wliicli tlio virus was taken, died of ii!uier|iest. 

All Ike animals immunised iu lids herd were aJIowed to luLv iVeeiy with diseased 
ones and no tiase of itost-inoe.ulaiiuij. iiifeolion occurred. 

'J'lie iiieoreticaJ danger of aitiiiials contraciing tiKMllscase d.UL'iug tiu; negative 
[diase jippeaia to us 1o 1)0 negligihli'. Jn our oNfa'rieiiee teases of sickness after 
injeeli!!!! lia'.'e hecii geiulino re;!elion;! to tlie hn'Kiulai'ioii or aiiitiuds iiiociilatod 
dmin'i iht' inculml.ion }it;riod ttf iJio disoaso. lu our opiMion the small «|ii^]itity of 
a; teiinak'd vaccine injected ims .iiol- li.ud any do.linit6 ijiiiiieiice on tJie course of the 
ii!S>‘aso iu it a so cases. 


Preparation of tue vaccine .for nSL:. in 'tiiE field. 

TIk' a'ni]>ou]es sent out eontrdn approximately 1 gram of spjc(3U tissue in {jacli, 
T!)i,s is prepared by removing the tissue and ])]aoiiig it in a glass mortar and emulsify- 
ing witli 0*75 saline solution. The saline is addoil grad naliy ami decanted at intervals 
until KK) c.e. have been used and the t issue thoroughly ciniiisiPied. This process 
takes .fully half an hour and at the cud there should 1)0 only small particles of fibrous 
tissue remaining in the mortar. We use an enamelled mug with a lid f.o contain the 
emulsion to protect it from siinlicfht and dost. Small quantities are decanted into 
a Petri <lish for inoculation as required. The emulsion must; bo used on the day it is 
pre]tared and be prot(*cted from excessive heat and sunlight. 

In conehision we wish to refer Iniefly to the vurk on goat virus done by Dr. J. 
d’. ]hl wards while at Muktesar. In the first instance the passage of bull virus 
through goafs was carried out witii tlie object of removing •fjiroplasms. After a 
scries of about ])assiiges he discovered that it had mauiired a very definite* degree 
of altcmuition also. In view of this he hoped to work out a satisfactory vacciiio 
for use against rinderpest in ])hieG of serum alone and Serum Simulfarieous inetlioda 
(d inoculation. Mr. TIaddo’w continued the inv<isfigation work and evolved the 
spleen tissue vaccine under report. From the results iiov/ publisln.id it seems that 
this goat spleen vaccine fulfills the hopes of both investigators to a vm.ry great 
extent. It is realised that the tissue vaccine has only been uprplie.d r.o phiiim aiiimala 
In .Bengal atid that it must be tentatively applied to oth*er breeds in other ])rovinces, 
but from the known result s of the worlr with goat ])lood A’irus in. other provinces, 
notably in the. Central Provinc(*B amd Mysore, there is every rea-son to exu-ect results 
similar to those in Bengal. Should this bo the case, the application of goar tissue 
vaccine alone will revolutionise the methods of control of rinderpest in india. 
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; . ■ ■ Table I." ' , ■ ■ ■ 

HnmniaTf^ of goat virus {h(ood) idom iiiooidation, in th’ scene of oiUhrc-iik of rimUrfesi 


N,B , — Out of 68 roaotors 19 appoar to Uavo been vaecinafod tbiriug i'Uo normal peiioil of inenba- 
Mon. . ■■ 

t Out of 10 deaths 2 died on 6th day after vaCinuatioii and \v’ero i>r tbably nlroady itifcoted 
at th® time of inoculation. 


Table IJ. 

Summary of rinderpM iissue vaccine (goat) inoculation 
rinderpest in Bengal, lOoS-Si 


Namber 

inocnlated, 


Remarks. 


Eoaoterf 


Deaths. 


Details of reaciion after m<ximUio)i 
1st day 1 animal ^ 

2nd „ 6 animals >-22 animals.* 

3rd „ 16 „ J 

Remainder 145 are the actual re 
actors to vaccine— 1*4 % 

Details of deaths. 

5th day . 4 died 'll 
6th „ . 2 „ ^i4.t 

7th „ . 8 „ J 

Remainder 37 apijarentiy flicd a 
result of vaccination-' 0*34. 


Cattle 


Buffaloes 


10,704 219=2-0 % 61=0-47 % 



Jfumher 

inoculated. 

Reactors. 

De.ath. 

Romaj'k.s. 

Cattle y . . 

1,705 

68=3'3 % 

■ 10--0-67 % 

Ddails of Tfadioti after iiiuciilalion.. 
2adday . . . 1 eow. * 

.Sni „ . . .18 Cows. * 

7th day and upwards 39 cow.s 2-2% 

BuSaloes 

9 

4=44% . 

. Nil 

Details of death s. 

t 6th day after moeulati'ui 2 envs . 
7th „ „ 8 cows 

0-45% 

Total 

. 1,774 

62=3*4 % 

10=0*57 % 
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KABIKS. A RBWJOW OF BfiOENT AETIOLBa XIX * 

BY ' 

A. Q. MoKBlNDRlOK. ' 

1 I'N'prini oii I'rnm ’rrnjtiml liinuiHi's Bnlldin, V\i], No. 0, So'i'l-ombfir J9:L'l,’j 

1. 'Yirus. ■ 

fi! a. fully ilhisi'ial.ixl pa,]Kir Lijvsulil'i, SoIkxmi a.iui M<'55gor® colioci the researolies 
aiivady siinitjia.rjz^al (iliis BulleUi!, Vol. lU), p. lAf), fiam c vnimunications to the 
Bull Joad. Med. and the 0. R. Soc. Biol Tliey hold the opinion that the 
■“ jiacasiir. of !Yili‘u'H ’’ siuHild Ijc called Ghujea Lyssae, and not as has "been proposed 
Iiv' Manuiadiaii aaal V^iala, Jhu-e.fhtlitozooit Tohiel. The morpliologioal appearances 
ill !H» wa}' j'csonibh; t lio.se of M ncephalitozoon v/u.nictdi. filie spores of the latter have 
a miifunn iippeara.nco, iind their volume in rabbits and mice is invariable. Their 
struct.uoi i.s ]»e:t'fect1y deiinite aud so also are the cysts or pansporo!)Iasts wliicli 
enclose them. The oxyjhil e<,.>'iT>nscles described by Levaditi and his co-workers in 
rabies irdectioiis of mice, though they resemble in certain stages those described by 
Mauouelian aiid Viala in tlic rabbit and the dog. are in reality pansporoblasts con- 
sisting of .‘in infinity of .sporules of dimen, rions which are almost nlfcrainicroscopic. 
T'lm sporiile.s do not poi^se.s definite cliaracters at all comparable with the spores of 
Evrephddf, 020071 cn. a mdi. 

A lari lu'T Stanly of the cy.stic stage of ‘ Glngea L^j'ssao ^ in the white mouse has 
bc(Ui made Isy Levaditi and M(‘Zger“, using dark ground iihiininatioii with a 
luaguificjitiou of alioui 1 ,8! f() diameters. The cysts measure from 6 to 20 micro- 
iuillinu‘ires. d'hc.y are coviifini by a rcfiractile membrane, and are round or ovoid. 
Thc.'ic sacs (;on(,ain the young cyst.s whose number is proportional to the siae of the 
e!rA-c1o])e. Tine young cysts are also covered by a refractik membrane, tlmy enclose 
a. dark .^ub.stfi.ncc. and are se]>arated from each other by graimlar material. 

• For <!iB (.ighteouth of thw series .rso Trap, Dis, Ball. VnL 80, jiagas 13H-i43. 

^Lov.'uliti ((!.), (If.) t>nd Mezger {J. O.). Etude uiorpiiulogkjue du vims ratlquc. Arrh. 

[vitruat. MuJ, Exju-rlm, Deo. Vo], 7, K(». 4, pages 6r’S-692. yit}!. 21 figs, ur-ti 1 eolourcrl pia^^c. 

(liefs. in foot notes). 

“JiPvaditi (0.) fl,nd Mezger (J. G.), structure ■^loIylyvBtiqup da }.ura. i,:o d" la rage. C. li, Soc, Bioi, 
1033, Fob, JO, Vdl. 112, No. 5, pp. 440-442. VVitit I lig. 
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I'liat tlie - iiovau cptiuM Imsal •• of Nicolan and Kopclowska and what Thomas 
and Jackson oaJl the ‘ imolens oonlonioloiius ■ is a seat o£ oleotion ior^N^nhoaics 
has been already redoned to (Vol. 28 . p. 744 and Vol. 2!), p BUU). 1.1^“ « 
doubt in tlm revioneT's mind that, the seat o£ election desonhedhy tJm latter ai IW, 
ill Oetohei 193(1 is Ihe same as tlial descrihed by the FrencK authors in May . . e-j. 
■I'lie French mill.. ms. it will be, lememliered, louml Neyri bodies in this region ni 
Jised virus rabiesof rabbits. Tl,ey“ ciinfrim this obseiwa^^^ « rwo 

snaiiisotlixed I'irus. one a virus of Okiim Joa isohiled by Mathis ami (.onsiaa e- 
neseo (Vol. 29. p. CUT), and tin- other a hi.ghly virubiit straiu of lived virus isohued 
byjonnoscoiii Rumania. (Vol. 30, 13S). In tiie case of /the Matha idram the 

inclusions aio inuch mun; ruiinorou^ aiul of larger dmieiisio.iiS in tlie seat, ot e ectiOiS 
ilian in tlie liorn of Anmaui. Tn file case of tlio Ramaiiian strain they are bo small 
and rare as to be practically non-existent in the horn of .Ammon, wliereas iii 1 ui 
elective zone they are immeroiis, of large dimcndmis. and show the oharaoieiiti ^ 
internal structure. 

A full account of the ocemTonce of rabies in t he Union of South Africa is 
aiven hy Feitz and Maraisf The pummary hy Dut oil (jaoied m this ImkUn, 
Yol. 28, pp. 742-7‘l:f brought the history up to 1928. .{t now appears that, since 

that date tlic existence of rabies Ims been proved in thirl y inst ances, ami 'presumec 
on clinical evhlmice in six other instances. Of these, eight have <u (.uiud in t u. 
human subject.. As liefore gmiets and meerkats a opear I o he t he most usmn sonre.e 
of infection. Photographs of tnesc nniinals are g'o'eji, and also maps siiowmg le 
distribution of tlie disease. The probable origin of the infeefcion is. fliscussed, and 
methods of control, adopted and proposed, are considered. 

It will be remembered that Vaucel, Boisscau and Saleun ])roved by ^ cross 
immunity experiments that a strain of street virus from Brazzaville (hrcuch 
hhpiatorial Africa) was identical with the rabies virus oi Europe. Vaucel and 
Saleun^ have now studied three other st.raius oj virus from the same vicinity. In 
each case they have experienced no diiliculiy in iiassaging the strain lliiough many 
generations, and in two, crossed immunity experlmeuts have slunvn that the viru-scs 
were identical with rabies. “In spite of the diversity and mdehnileness oi Lie 

3Nicf0lau (S.) and Kopciowska (L.). Uago du lapin, a liras llxe, ct corj^ do Nt'gu; dcnoinbmnoi.i. 
comparatif des indusioas daa8 la come d’Aaimua el, duiiS la zone clcdiio (nojau .gilKiue bahiu). 
Or Mr Soc. Biol. 1933, Feb. 10, Vol, 112, No. 5, .pp, 445-448. With 2 figs. 

‘Ndtz (W. O.) and Marais . (I. P.) Rabies as it occurs in the Union of Sootli 2 \fncp. Union of 
South Africa ISUi Report, Director Vet. Servines and Animal Industry, Oiiderstopoort, Preiom, 1... - 

Aug, pp. '71-93. With 5 figs, and 0 maps, 32 refs. 

(M.) and Saleun (G,). Rage canine ©n AWiine Rtiualoriale Franoaiso. Bull. Soc. Falk 

■ 1932, De(j, 14* Voh 26, Ho. 10, pp, 1018.1021. 
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Fy;irij)lomB obsorvecl iii tlie nnimal, tlie three, strains which have been sUidicci have 
holiavcM'h from tho .Iristoloyicnl point, of view, like those of true rabies. 

All cxrr]niona]}y viniieii!' strain ot street virus is descrihcii. by Palavaiido’w 
nnr] .It- wa- (hfnine-'l at tlin Odessa Iiistitui-c from the saliva t>l a 

1 V. cK’f'- VO!! r-old air], |i_\' a nn tbe ]e^>;. She had received no tii’eat-meiit. an<l 

nihic;-- afii-ran inruhatno! I'K': iod of two rnoiitlis. Tiic first ]-‘Uf^Hago of 
fiilisa inlranitisridaiiy ietfi a j.-ninrajiig gave an inciihation ];enod of i 2 days, in 
1 IfV'ai siibdnra t siih’pa.''.s<‘igi'-'. i;i ^liinoa-jiigs tiie iiicnhatioii vu-ried from .! to 4- days 
and siH'fiigC'd about 2f dava. Tin- inunimal fethai dose was 0’2 co. of a 1 in 75,0dU 
dibit ion. The viriiH now in ids dOtfi passage. After the cleventJi piassago a 
feature of extra o.rdi nary interest was noticed that the incubation periods gradually 
lengflu'.fted. From tin- Hnh to tlie i'ht-ii passages the incubation for gnineapigs was 
.‘MU (lays, and for rabbiis 2-4 days. Adter Ihe 29th the inouhation period .for 
gnincajiigs was ‘.j-t) da}'s. and for rabhit.« 5“'7 days ; iQ fact the virus had become 
fix<id \‘inis. {It is imjKtssilvle to o-e.oncilo 1-hese facts with the view which is usually 
ludd ibnt fixed a’jtus is a viru'.i wliieli has become aocomiuodated to the easier mode 
{vf transraission from brain to bjaiii, wiicrcas street virus is accustomed to a much 
more complieatod transinissinn from Ballva- to iierve-eiidings and eent.ral nervous 
iuid vii-e vurm a.t each passage. The authors assume tliat. in the case of the 
Stikolan strain (do-scribed .above) the- virus comes to equilibriiiiii as a fixed virus, 
afitw the climinaiioii (}f scare;; r/ccvfcrd'ih-^ influence.) 

Tlie strain of fixed virus employed at Budapest has been examined by Aujeszlcy 
and Keibler.' This virm was t -alien from a dog by Hdgyes in. 1S8G and is now in 
(a-ppro.xinuil-f-ly) ii -: I T.OOi w.ii Tlie dose wdiich will kill with certainty when 

injv'ct-i‘;d. snrHhir.dly irn'ii'; cc. of a- dilution, of 1 in fi.OUO, that is to say 0*025 
inilfigcanniw:-- of luaiu snbr-.nnc-n The incubation period has shortened — piara-lysis 
on Ijui bill d:!v---u!!d ihe 'piriifd of ilhu'ss has a.lso dirainisiiod. 

In a ■[mwbuih romiunidriU-'o-;; (v-liis BiUhtih, VoL 29, p. 189), Sliope drew 
ai-tuntifui !<! t.i'f cio.'m resenddr-.nfi-; ]jut-sv..':.-r.. the virus (4 tlic mad itch ’M>j' cattle 
if! America, and the jisuitdo; abics of Aigeszky. He Las now'^ ca-rried out cross 
immunily exjim'ina'hhs bi-lwcci! ;i -“rnad itch ” virus obl-ained from a «!OW in 1‘owa, 
and a ]-‘i-eudorabi!-.s viin.-< fisruisbed h\Y Auieszky from Biida]i(;st-, 'Tim vaiious 


“r.'ilawaiiiiow (ij;!iti:u') faid l'f'U-}j!Ci;ji.<! j.i, (A/!.). Uober (riuig Kigciihnulu-ltkcUoii (ior im Od-^swier 
n:!lvf(-riu!uEis, I, i'uii* Zudr. Ih'jK t ytii . ■J'luriui, £9;I;}, 

V((l. 7s, Ko, ]j]n 2aO-i;:H, 12 icfs. 

'Aujt;x7.1-;y (A.) .and Jverlijt.r (I'.). lA..to}' \ crandfmnigen dor bioiogi.selion KigenHctjU’i.ui cloRVirHi-: 
fLXf, Giuru. (li Hidtc-rinl. c Jimmui.d. ll-^S J'oli. Vo]. i.O, Ko. 2, pp. 267-2f5r>, 10 rak Ei-gjii-ili sumtaary. 

-V:?h. >pif (iii-dii,r.| ik). IdouHi.y of lha Virus causing ‘Mad IteV and PseudorabicK. Prve, due. 
Acii^nnh IJloL and M&l. 19;j2, j‘>ao, Vtd. 30, Ko. 3, pp. 30S-309. 










No. oi' 
(luineajjigs. 


tSerimi. 


Pseud ora>)iP3 


Pseudoralsies convalescent. 


Mad itcli convaleHeent, 


Homal 


FseudoraMes con v alesceut 


Mad itch convalescent 


1 CO. of a 10 per cent, suspension ol vans was mix<Hi 
a pig ; 1'5 cc. of the mixture was inocnlated suhcntanooiisly. 

the identity . • • 

doiabies Virus (Iowa strain). 

In a second oornimunicatioii •* Bhopc cont.iinieH his s 
The virus was passaged separately tln-ongh the; lu-ams ol 
rahhits. Vrom titration experiments it appeared ihai foi 
infection the virus is ten times more prevalent in rabbit hi 
brain, and that the guinea pig is aboiii. 100 tones more, resi 
dosage than is the rabbit. “Over and above the, working • 
miiTtPnnicf nassaote antiears to achieve some actual att.e.toiation 


• Shope (Eiohaxd E.). 
last©. JJ.Bzperm Med. 


(P.) and BaUly (J.) Pe siege du viniw dans la laci 
^?3, Vol. 133, 3SFo. 18, pp. 126'126. 
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plies abimdantiy and may be used for subpasRago. The ponite to be noticed are that 
tile Aujeszby virus travels to the central nervous syet era by way of the blood and 
lymphatics, and not along the nerves. In certain cases an infected animal may 

die before the virus has reached the centres. The duration of the illness is so 
siiort (a few hours) that the phenomenon of autosteriliisation. does not occur. 
Kothing is known regarding the localization of the virus in the brain. After the 
(central nervous system has become infective, the':^ centrifugalij 

along tlie peripheral nerves, but death often occurs before this takes place. It will 
bo seej! from the above that two stages oceui’ : a blood phase during which the 
animal may die, and then a nerve phase. It is not surprising that various organs 
are found to be. more infective than is the case in rabies. The disease has been 
j'c])rodm‘ed from inoculations of liver pulp, of spleen, kidney, testicle, suprarenals, 
bone marrow, etc. ‘‘ Special mention ought to be made of the presence of the 
virus in tlie lung, as was found by Shope in 'mad-iteh ^ which appears to be a 
form of the disease of Aujeszky.'" Saliva, bile, urine, and faeces on the other 
hand failed to iidect rabbits and guinea pigs. Transmission by biting has always 
been nnsnccessful. 

A further study of the virus of mal de cadent s has been made by Costa 
it will be renumbcitd (Ibis Bidictin, Vol. 29, page 169) that Eenilinger and Bailly, 
from extended experiments with a virus supplied by Rosenbiisoh, concluded that 
it was a labics viius. (k.sl a tomes to the same conclusion, but adds that it is a 
strain of rabies virus with peculiar modifications. Its clinical manifestations iu 
lieibivora are not the same as those of rabies virus, and transmission to man 
appears 1o lie very unusual. A sc rO“ vaccine prepared, after the nuiniier of Fermi, 
from a si rain of mul dc atderus vij-us W'hich liad been fixed ])}■ subjiassage, afforded 
iide<|U!!le proie(;i,ion against iiic disease, but a similar vaetjiuo ]>repared directly 
fioiii a euw vvliieii was kilh-d in (he paralytic phase of mal de caderas was iueff'ec- 
tbc. The iix<‘d virus vaccine consisted of a jiarts of a tH) }iei' cent, brain emulsion 
added 1o I jifirt of immune serum. It is stated that sinr5e prophylactic treatment 
wjtli lids vaccine ‘ the cjizootic has totally disappeared T 

Ziboixli has J'ailcfi on tliree occasions to transmit fixed virus through the 
pulp of the canine tooth of the dog. The injections were made througli an opening 
which had previously been made with a trephine. A similar experiment on two 
dogs with street virus also failed. Rabies did not develop in any of the animals 

Costa (M. Humberto.) ContrO-udiiU al wtudio de] mai de eaderas de los boviiios. II. Estudio 
experimeutal de] \iiu.sy la liujuiie y Pecuarias. 1933. Jan.— i’eL. Vol. 23, No 1-2 

pp. 5-24.(16 Refs. j ' ’ 

Xibcidi iD). Stndi sieiimeidali E-uJia tiatniisf-irne della natbia.- CVr.j?/. Ji Ihlkrivh e 
IfimuvuL 1932. Dee, Vol. ft, No. 0, iip. 929-040. 20 refs. 
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inocn1at(Hl by tbia tovOf, TJiat ilio 'virnss}^ w..iro pottviifc was proved by control 
PYOo.rbnoni.s iisiufl various routes. 


ol 14 rnnntlis is do 


ol iAVo cases o! rab'ies arc ivpurlod from IMiibKtdnhia 
lb)x, i\l])ors and Ooo'(um‘ ‘'b In one. of Mie c.ases an 
■i-l i-ae iiiicoiscopic :i,pp(!;i!‘a.!i(‘.<'S in, t.be brain ami e.oial iU'c 
er 0. i,se 'i)ri).'S.n!iod anv nnusiial fciatiires. 


ScTebrc.nnaja and Ibijiatscli n^coinit ilnar cxperion 
33 . During six years tlmy have examined .1 .(M)!! brain 
the tlnvo motliods of sLaitiing ern]>loved, ikose of S 
'witsch, they liavn; found the last to 1)0 tlio most exa( 
stain given as liaematoxyliiij acid fnclisin and ])icriG 
its. From tlicir results they conclude that Kegri b 


It will be remembered that Marie obtained coutradied-ory results when rabies 
virus was inoculated intramnscnlarly, intra venously or subscutancously, ail or the 
reticulo -endothelial system had been blocked with Indian ink. He has now 
repeated these experiments with the difference that the irifeciing dose was intro- 
duced into the peritoneal (iavjty. The experimental details will be })ubliahe(l 
later; the conclusions are stated 1 o be as follows ; (1) That even large doses oi 
fixed virus do not infect when int-rodnee.d into the peritoneal cavity is well know’n 
(2) If j however, Indian ink emulsion is previously injected, infection occurs in 

Hnjaro (S.>S.). A Oasts <si Habias with an iimisiiaily Incxitiition Fcii 'fl . — / iidia » 1/ rrZ. Uaz. 

1933. Apr. Vol. 68. No. 4, p. 212. 

liEiesman (.David), Fox (\V. W.). Alpew (B. J.) and Oooiier (David A.) Dydi-o])liol'in. flepf rt 
oETwo Fatal Oases witt Pathologic Studios ia One. — Anh. /'j/fer/n JL'd. 1933. M;iy, Vol. Cl, No. 6. 
pp, 043-655. With 8 figs. . 

Serohmmaja (A.) and Pugatsch, (E.) TJeber die Rolie dor Nogrikfsrpcr hei der Diagnose- 
stollung nnd Aobiologio der Tnllwnt.— .ZewL /. BaM. I. Abt. Orig. 1933. Feb, 23. Voi. 127, Ko. 7-8, 


.) Do 3'Ainlec'tion rabwpie par la voie peiitoneale,— -6'. B. Sec. BioL 1932, Deo. 10, 




1ia:6ies 




f^uiiicapigs with an incubation period of from 9-20 days. In two sets of six 
nnininls, only one of the first set and two of the second failed to contract, iiie 
disease. (‘1) A snspension of ‘DeinsoA (2 co. ])liosphatc disod iquo 5 per cent., 
with 0*5 c(?. chIori<lo of calcium 5 per cent.) gave a similar result. (4) Giiineop'.gs 
whl(;]i survived afi'er intra peritoneal injection of fixed virus (witlsout previous 
treatment by Indian ink) were found to lie not inunuue to intraocular inooulat.ion. 

Havens and Mayiield coiitinue their study of the antigenic properties of 
rabies virus (Vol. 29, p. 001). In the eariior cornniujiication it was found that 
lixe.f! virus imniuue serum failed to cause ilocoulatiou of 1 out. of 10 strains of 
street virus. The authors have now found three other strains which were not 
agghitinable. The antigenic composition of these inagglutinable strains are 
investigated in the present comma uioatiori, using fixed virus as a basis for com- 
parison. Niue strains (including the 4 non- agglutin able strains and one of 
fixed virus) and nine homologous iinmuno sera, were set up against each other. 
The fixed virus was agglutinated by all the sera in approximately the 
similar dogreo. suggesting that all the strains possessed a common factor. ‘ That 
tlic^y },)Osses.sed additional factors in tlieir antigenic composition was shown hy tlie 
failure of ail but one to agglutinate to tlie titre of the fixed virus h No two of 
tlm st.rains a,ppeared to be ideiitioaL Gross absorption tests were then carried 
out. That the absorption was specific was indicated by the tact that normal 
brain suspensions Itad no absorptive power. Marked dissimilarities between pariii- 
nular strains were observed, but again there was evidence of tlie existence of some 
comuKui factor. A iricida! tests were then carried out and these again disclosed 
Hi*’, cxi^'ieuce of ‘ apparently fundamental dift’ereiices between the strains. They 
Jiisii tndicafed, hovtiver, that it is the common factor that is most essential in the 
prudiicihiU o1 immunity The ditTorences observed seem to be due to the pre- 
i-anco. or aliscoice in. whole or in part, of additional antigenic factors. 

Gfvvid Jh*'' flescribes in detail a method ba,sed upon the 'Wassermanu tech- 
uisjUf, for estimntiug the degree of co,m|?lcment. fixation, lie proposes to use 
^l^i^mru4hod bivtlvfor comparisons of sera, and for compariBOus of; antirahic vacu 
ciues as au.i.ige,iis. Ifrom experiments, wliicli are not givxui in fletail, it appeared 
ihiit the antigenic capacity of vaccines improved with keeping, and that rabkit 


i laveuK ( l.c-.'ii 0.) and Mavfield. (Gathcrme K.). Aniigeiiie Properties of ite Virus of Pa tins, i 1. 
MuilipHcii.y r.i strains a.s shown by Agghitmiu Absojpil.ion and IvJ\et. 

Nov.- -ilee. Voj. r.I, No. ',i, pp. 5ll-r)18. 

Creva,! (S. P. 8.). OiiPabies, I V)m]ilcinent Idxatfon iji Rabies,- llio Teoliuiquo, its PurpcKs and 
A.-isfieiated 'JouRKK-rationK. — L-(h'at) Jl. Jl/rd. 1933. Jan. V(J, 20. No. 3. pn 913-920 iiS 

rofs.] • • 1 1 • - L 

itT 3iole of Horology in 'R»hmB,~-Jndian Med. Gaz. 1932. Dec. Vol. 67. 
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young.*— J?. Attier. Vei. Med, Aaoe, 193K. Apr. Vol, 82> N. S. Vcl. 36, No. 4. P. 627. 

, .Ctiiuiinghaia (J.}, Malono (JR. H.) & Ciaiglead (A. C.). An InyestigaticB into ike Value of an 
Etlieri?i-d Vaccine in the 1 re jliyhictit' Ti CIS' n.cut of Eabif.s. Part Vlll. The Comparative Immuniz- 
ing Value of Cnit.Jizcd, Etherized Carle, Jized and Etherized Vacemes Tec-ltd under Identical 
Ooiidith-isP of Ooeage and Adminii-straiii n.— /’ aVch Mfd. JRes-, Mane ifs, Eiipjile-nifidn') ii Series to Jndiau 
Jl, Mtd, ^’sA^y^. Jan. Mcnioii' No, 2C. Pp. VII and 144 'With.onechart* 


Itraiii vac«:.hu'S Mere, less potent as smt-igeias llian slice.)> bi’iiin autiot'ns. Tie uses 
for coin})] eluent- fixation as antigen, a filtrate' of a. tliree monilis old f) per eeiit. 
carbolijie/l Pari.s (vints) sliee]) (brain) vaceiiu', ])iT;pared as follop-s ; The brain 
of ;i sbeii]) is niadt?. into tui 8 3 )er cent, emulsion willi 1 pc'r cent, eurlrolic acid in 
nomial sttlint' ; tins is iinaibated for 24 lioni's a(. unci then diluted to a 

5 jjer e-eni. .siispejision with noinial saline. This is ke])t at room temperature for 
a, bout bO days bef(u‘e use. 

A east' of trausnussiou of. lixe<l virus infeciioii from motlu.'r fo young 1;^ i‘e]>ort* 
ed by Belnuuder and Mcbb'ctarty,'" A sbeo]) was iuoeuia.ied subdnrally witli 0'2 e,c, 
fixed virus. Two dajs later ii gavcj birtli to a. lamb. 'Fhe sliecp died of rabies 
ou the sixth day after inoculai.ion liaving nursed ilic lamb for four day.s. Twelve, 
days after birtli i.he lamb sliotved (lefiuite syinptisius of rabie.s. Tlio brain of tbo 
jamb wa.s iiijeei,ed subdnrally into two rabbit, boili ralibits die.d of rabies in 
seven days. 


V. MF,TliO.DS OP TliKATMlCNT AND STATISTICS. 

Tim investigation on the relative immunizing potencies of etherized and 
carbolized vaccines undertaken by Cunningham and ]u.s co-woiki'is in accordance 
with the resolution of the International Kabies Coiibireneo (Paris 1027) has been 
frequently referred to in these reviews, (Tol. 24, p. 220 ; Vol. 25, p. 190 ; VoL 25, 
p. 210 : Tol. 27, p. 742.) It will be remembered that- the r<*sults both of treatment 
of human beings and of experiments on rabbits and monkeys were beat in the 
case of those treated by Alivisatos’ method, leas good when TTempt’s vaccine 
svas used, and ^loorest with carbolized vaccines. In those experiment.^, however, 
there w'as great variation in ihe dosage of nerve sidwtaun', tlio (pianiltie.s being 
(for liumun beings) G to 8, 4, and 0‘7 gin. respeci-ively. If. was realized ihat 
until the three methods were contrasted in uniform dosage no definile conclusion 
as to relative efficiency could be drawn. Tlie pro, «cnt communication^^ by 
(huimngham; Malone and Craighead deals with certain asjmcts of this problem. 
CarboHzcd vaccines were given to 4,474 per, sons, n-iid ether carboiized vaccines t,o 
4,513 according to the alternate case system, and as a cheek 1,598 per,son,s t)f the 
tyjfC of Hempts Class HI wtic treated by Alivlsatos’ method. In each case the 

Schneider (J. E.) & MeGrr arty (B. J.). TrautmiEsion of Experimenl al Babies frt.m Mother to 
Vet: " ' ' ■ " ■ ■■■ ' ■ 


RABIES 


m 


vac.ijino was a 5 per cent, einalMioii of brain Bubsiauco, Tiie fignrtis are given in 
detail, and the resnits have been examined for eignidnant dif!er<inees by McKeii- 
drie,k (Appendix B). The general conclusion is arrived at tl.-at 5 per cent, car- 
boli; 5 ed and 5 per cent. Alivisatos’ vaccines are similar and. both snperior t-o 
5 per cent, etheriiied-carbolisied vaccine, A largo experiment was coiidncted npon 
animals. With i'ega]:d to the method of preparation of the vaccine it- appCcars 
fhat 5 per cent. AHvisatos’ vaccine is superior to b pec cent, etherized-carboli2:cd 
vnecino and to .in' tjeatinont, and (hat 5 piT cent, cai'bolized vaccine takes a mid- 
position bet-'W'cen Alivisa(:os’ vacci .110 and cthoriKed-carbolinod vaccine, tbongh 
ii- is not significantly difTcreni; from either. As regards strain of vi.rnSj Paris 
fiXi'd virus is Biiperior to Kasauli fixed virus. (These are in brief the general 
coiu'hisions of an investigation \vhi<di. is an exanpde of tho.ronghnoss ami of pat.icnt 
iabour. That the comparison of nK;thods of tr('al}nie.nt is a laborious business 
will bo recognized by all wh.o road this axhanstivs.^ nicnioir of 144 pu.ges. It should 
be siuidied not only by those inleresl-ed in ralues, S)ul- by those who are concoi’iied 
with treatnaent. by vaccines of any sort.) 


The vaccines of Fermi and Philippis arc compared by Palawandow & Serebren- 
naja, (Odessa).*''' Because fd the -weak bactericidal ]>o\v(>r of glyctu'ine and its thick 
{‘.onsistenco, the preparation of Phili|,)p8'' vaccine involves a of about 30 per 
cent', of nialeriiiL Fermi’s va(^eine recjuircs no di'lntions once it is ]mi])ared, \riiereas 
Phili])p.s'' vaccine has to be di]\H eii daily. 'I'lie vaccine (4' Fermi is always, sterile, 
whiueas about' Kt per eeu(., of .l.'hilipps' va,ee.i!i.u lias i.o be dise.ardtsi on account- of 
b.ii'terial e(uifa.niiiiat'io.!i. The innurnn/irig [louer of vaeciiir i.s the highor, 
;(s alsi! !■-' Ile.i rabieidnl pinvcr p'S'inlncr-d in t lii' blood. 'I’lie :nh a. iitages w iiiidi am 
jiOr-,-!-,-.;-.e(! by lu-riiu':-- eacciiic s-"-.; ]ir<fb*a]ily ilii." ie (he h-i.rger (|u;ir!tit\- of nerve 
;•'.^b^^! ;! net- wliieh si. e.oUi ii iiss. nSisl islso isv (he s-ci itsfs of i ht' 'l-lHUiid. 


,\ ihird aisalylh-al .revi,-, b.y MeKmdns'k ‘-''ri-f st-ai.isiies frons Pa.stsuir I nst.itu.t.es 
iHi 1 lie .residi.s oi jnsfirabit- 1 rentuiuit unsierluken by 1.iic TItsa.ifb Meetion of the 
!,ioague oi .iShstnuss ,at, tin; in;-;iaiM.'e of '.lie .1 n.! iuaiai ii-u.al jbibies CJordei’em.a* (Ihiris 
!!S27) h.MS a] peare-l. .it. de:ds with the data, ndating to bfi,r»'l:l f.ieated 'porsoas 
rs.da(.cs m.jiisly i.i> [Aw. yc-a.r iiCUt, 


The iigurs'.s uadi.'!.' i<-vievV isguiss em]dsnsize the fact t-hat tin' imn .hairoj){‘au 
is at n. mudi liigher tlegrec oi risk thasi the Ke.ro]!eau. The .m(sri';diii<‘.s for t-lie, 
two race groups an; in the ratio of '”'8 to i. 

Pftliiwajidi/W (JTakJiU') A 8<a<'i-i< 1 i.fija {A. J.). Vei^eln'rl os.do i-X| rTUur'iUo'Io Uideu-iiHiuiu't'Bt 
78 ' Nr d p ^30 ^ *03^ /• t?r, nru > iiaUj. v. K» •}>< '' itn. TLerfip. 1 tlSr. Vul. 

11 . (‘4' h'/b A'.il.iid .tu vitv (,f Jt( [-oii.-r frt.'in PuHtear InfsfjtutcH on tho 

Keruita 01 Anti-Ksioies ,J icaliucnl.— Qi uit. hiiU. UuiJlh Oiiiatiiimiioii. Lttitnu: of Actiiojiii, (Jenf-vji. 
hoc. Vo.h i. :K,>. -1. rp. 725-7 W'i. > J j ji. 



The probability that equal or greater tlifereiices tiian those 
lihely to occur in a population which was admittedly lioraogcn 
0*8 so that there is no evidence of heterogeneity in the stat 
the wliolo. period. If the mixed group and those treat, ed h 
vacoine,* be combined, ns scemB reasonable since in bof.h gro 
of scviwc cases is by the method of Alivisatc^s, the figures are a 
treated 7dhi 6 : observed death,? 14 : calculated deaths lid: m 

0*19. 

From the hgnres submitted it ^YOldd appear lltat liabilit 
significantly according to the method of treatment employed 
deuce from the figures collected since the inception of thesi 
Section XII. It appears that the liability to accident from live 
than the liability from killed , and that the liability from killed 
than the liability from heated. 
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Xo evidonoc has been found wliich suggests the c-xistence of a su])enority 
of any otic niHthod of treatiuont over any oilier, or, more geiimnlly, there is no 
evidence ol the existence of a superiority of treatmeni, hy live vnecines over 

1 real inentliy hilled vacdues. 'Wit li regard to this point the reader is referred to 
ilu“ rollowinn table which cotnprlses sucli figures as it was jiossible. to extrac.t Irom 
Ihe thrc.Mvvicwsvclatiuuto-pcrsiinsora singl- race i,vpc, (Fairo]n>an) who were 


Treatment 


Nnmbor 

trealefl 


l)ea 

tlM 

Morfallty 

Observed 

Calculated* 

cojit. 


Oottla . . 

Dilutions 
Killed paeiioi 
Live pLenol , 
Heated 

Etlmr killed . . 

Mixed , 

Ei.her not killed . 


1,784 

4,731 

2,020 

62G 

6,f»85- 

3,098 

5,338 

1,078 


3-4 

0‘1 

5-6 

1-0 

12*9 

9-8 

}0%3 

3-8 


0-28 

0-15 

0-M 

0*38 

0*24 

U-IU 

0M9 

0*20 


BABIES 


"»1 


The table referred to deals 
reviews and is as follows : — 


le 


t liU* 



Numlxsr 

treated. 

Aeckleiits. 

PrujKirtioa. 

JV-fiefd 

Ciiiiis , , , , 



33,751 

17 ! 

1 in I.OS.’i ; 

\ ■ 

OmCU 

Diiiditm . . . , 

4 * 

■ ■ ^ ■ 

11.610 

4 1 

1 in 3,062 1 

U'n:in 

Kiiit'd. . 



50,011 

i 5': I 

1 in 1 l,0S2 1 

O’cnsii 

laive piiniiol . , , 

* 

. ^ . 

1,117 

0 

. ■ • ■ ■ " ' ■ 1 

-r u-n<> 

ll'.'atcd , . . , 



22,716 

0 

« * 

< (cniKj 

kilit'd , , 

f. 


22,038 

■'.3: 

1 in 7,340 

0*uM 

.Mi.xod . . . V 



13,088 

4 

; . ■ 1 in 3.272 

. 0*031 

Etlier not lulled . 


' ' 

3,634 

0 

- ■ ■■ ■■■ •• " 

. ' ,, <0‘028 ■' 




” 170,904 

33 

1 iu 5,179 

0*010 


If the last two groups bo combined the figures are serially 16, Tl’i ; 4 ; 1 in 
4,180 and 0*024 per cent. 

hi the annual report of the Pasteur Institute at Kasauli (I'ndiii) 8hf>rtt’"'* 
reports that as a result of the series of experiments carried out by fhmniiigham aiaJ 
his co-wurkers, the vaccine now employed is, as before tliat of Sernpisa hut that ilu? 
dosage has been largely increased in the ease of tlie severely bltteTi. '.Die, dosaao hM’ 
the slightly bition is 1,400 ingm. during 7 days, whilst for the seventy bil-iin it. h;is 
been increased to a maximum of 8,600 mgmh in 46 clays, 'idie figures are si ill 
exjiermiental in the sense that Paris and Kasauli strains of fixed vii'us ure com- 
pared, as are also vaccine from the sheep and frenn the rabbit. The oombijifd 
j c^uli's are as follows ^ — 




liui’opeaiis tr«ii:ed at Institute 
IViJti-Eiirupeunfj tieated at lri.';iitute 
Europeans treated outsido , . 

j^tuidCiuepeaiiB treated fiiitside 


Eases, 


ail 

7,:}so 

sot 

2,631 


DtJatlis, 


fi 

on 

o 

8 


fttfiitality 

lUjf iT'Ut. 


o 

J*20 

O 

fripj 


Onu lat-lii'r (iuulitfiil «i«> n( iJiist-vuH'.iiiiiil jaralwis is re-juidcil. 'I'iiu jii.ri-i'nl- 
o,L-(! »f IiwilUi r(,.tunis roceivo<! ufte nix m<,niJiK fwm Ui,- k-miiiiulii.ii ..I' in.;i(.ur..»l 
lor tlms-. to-atcl at t]ie. i)i«titulo is above 72 i«r cent., and for tlio.se li-ealci at out- 

cenrics it is above 03 j)or cent. 


I, ““™“'ly-l'i™‘AanuaU:or,u7oni,rT)to.t^ 

fttoto! ' ShovtKll.K.), iJteetor. 1(1 p,,.®. ,.,„t 
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At: tlio (los.-jgo of car])olj.:iC(l vnooino lias also Ixaoi iacreusod 

i.lio variaiioii is Lhilovocii 70i) a,iu'l 3,60!) iu'DU, adniinistocod during 
i-nsiiits |tublishiHf t>y [yiMiga.r, arc as follows :■ -- 


Morliility 
per (K'.ut. 


i*!iu'o|i('M.us :i.t TuHtiiliito 
N"ii- at insfi 
Kiirupenus oiit.ndo 
Non-Kuropi'aa:^ out-^ido 


No ca.Si;s of })Osf-v;iw‘.:nia,! ]taraly.sis ha.vc oix’urrtHi, The jicrcciitagc of hoalfli 
I'c.turus rcciiivoci six luonflis after tlic expiration of treat-iuciifc is above 9-1- per cent, 

Tbe m<'r.hod of i^emplc is employed at; the * iiist.ituto Vital Brasil'*. The luini- 
iii't' ti'ealcd is 641, aaid no deaths fromrubies nor cases of {lust-vaeciiiia] paralysis 
ham liocn obsitrved. Brasil aaid Loar^'*’ disoiiss liin treatment of rabies generally. 

Viala^' L'exiorts that during the yea,r lO.dS, 6G1 persons we.rc trea-k'd af; the 
Pastour Instibuto, Paris, and that none of these developed mines. No post-vaeob 
nial paralysis were observed. 

vr. RaiHISS IN ANiMANS. 

From cxperiiueiifes on 46 frogs (jRam iempomna) Bat^agliiio^s coniinus the 
observation of Remlinger and Bailly that the frog is refractory to rabic infection, 
'['lie frogs wore killed at intervals and their brains tested for virulence. In frogs 
which were in a state of lethargy, viiiilonee was retained for a period of about 32 
days, whereas when the frogs were active virideiice was lost after about 3 days. 
The tests for vinilenee were carried out on guineapigs, which were more suscepti- 
ble than rabbits. The virus recovered from the frog^s brain had not become atte- 
nuated. 

Five more cases of rabies in the mongoose are reported by GrevaP® from India, 

Coonoor, Pasteur Institute of Southern India : IVonty-Fifth Rojioit of the Director of the 
Institute for 193 i. Iyengar (K, lit. K.), llireoior, 69 pages. Madras : Madras Publishing House. 

Brasil (Vital), Jr. and Leal (A- Eetillac), Vacoinacao anti-rabica pelo methodo do Scmple,- 
Bnuil^MedkOf 1932, November b, Vol. 40. No. 45, pages 931-933. 

Viala (Jules). Lea Vacoinations autirabiques a P Institute Pasteur en 1932. Ann. Just. 
Pasteur, 1933, May, Vol. 50, No, 5, pages 745-748. 

Eattaglino (Giuseppe). Contributo alio studio Del virus rabido uella rana. Giom <li 
Jlafferiol. e Iintttvnol. 1932, December, Vol. 9, No. 6, pages 961-971. English sumraaiy (6 lines). 

*® Greval (S, D. S.), Rabies in the Mongoose. Furtbei* Observations. Inct-ian Medicat Gazette. 
1933, Jan,, Vol. 68, No. 1, pp. 20-23. 








EABIES ^^3 

Tb(‘ of ]KKst-.iiifoc(iioiial anfirabic fronUnonf ol (lonu'Kf-it^ :ui‘muu,!:-i isi 

liiijigary during tli('. last, tliirty yeans arc suudy«;(l hy Aiijcszky’'*'. .In all H),,U7U 
domestics animals have received treatment. The nuithod employed is a modi flea- 
tioTi of the dilution method of Hogyes (eiglit iiioenlations clnriog (i t.) 9 days), hi 
{ormatiori .regarding the fate of the animal was availalde in 19.583 cases. Of thesii 
317 dic'd duhng tlie course of treatmoui. or during the siiocoeding 34 days ; of the 
remaiidng .19,236, ! 30 developed rabies ((9fV7 per cc'iit.). Tlircc cases of paf‘al3d.!<5 
a.ocide.nt, none of wliielt were fatal, wercj observcnl. Data. a.re also given of tlie 
incubation pen’iods obscu’ved in the different animals. 

Hlatii^tics of preViUitive i]toeida,tjo.u of animals furnished iy .Balow't'"* from Tuui.s, 
sliow that of 482 dogs vaceiiuited ]>ro[)liylaotieally during iln.', period !«{• Oetoher 
1931 to 31 st December 1932, three developed rabies. These three bad ia-eJi bitien 
by a rabid dog a month or two Ind'ore vaticination, and so cannot be eon,si(.b.'red 
as failures or propliylaclic moculation. The efl'ect of the pro]h_v3a<'.tie measures 
is demons! rated l>y' the kdiowing iigiirt'S from the town of Ibzorta. Bi 31.131.22 
east'.s of rabies t/ccuireti. In tlio first quartc'r of .1932, 2t) eases w<*re .reported, .fn 
the 2nd quarter, that is 9 to 15 months after the administration of the vaccine, 
onlv^ one case of rabies was observed. 


An ‘antirabic wct.ik' has been instituttid in Japan^''^ for the control t>f rabies in 
districts where the disease is present. During this period all dogs are registered. 



Year. 


No. of rabid 
dogs. 

No. of dogs 
inoculated. 

No. of persons 
bitten. 

Nt). of deaths 
from rabies. 

1021 . 



■ ■■■ ■■ .. 



r»4 

1922 




« 0 


79 

—Bia— 



2,644 

116,0o0 


174 

1924 . 



.3,205 

194,177 


23.6 

192o . 


' ■ •' 

3,036 

265,097 

. . 

143 

1920 . 



1,799 

234,680 


SO 

19i!7 , 


■ ■ ' * 

986 

200,032 

1,446 

30 

1928 . 

■■■ , ■ .... » ■ 

■■ •■■■■ * 

434 

225,636 

14.6,65.3 

1,122 

22 

1929 . 


• 

172 

6*6 

12 

1930 . 



65 

i.28,753 

207 

4 

1931 . 



44 

05 


19.32 , 


• 

63 




* The ligurc between the 5 and 6 is illegible. 


Anjeszky (A.). Dreii^sig Jaiiro der Postinfelcfionellen Wntsdniizimjining cler '.Ijaiistiere iti 
Ungam. l>tut. Ticr<xi-z\ Tf'oo/j. lOlk'J, Apr. S, Yol. 41, JS'o. 14, pp, 209-210. 


S’- Balozet (L.) La v;i,fcitiatk)n aiUirabiqvie de.s aTiimaxix eri Tunisie du ler octobu'- 1931 an 31 
dec'ombre 19.‘}2. Arch. J„st. Pas/oir de Tunis. 19.33, Apr.. Vol. 21, Wo. 3, pp. 538 543. 
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inicliiimoa dogs are clesteoyca, piwentive InocAilafciori g Tlie results 

appear ill. tlie taWe (pe 93).^ 


VIL POST-VAO€INIAL FAEA1jYSE&. • 

Three cases of p.)Bt--va<Eumal paralysiB persons treated hy Bcinplc’s 

carboliiied vacdiK-aro dasembed by Stuart and Krikorian THey occmml witbin 

tL nariod Auril 28tli to Jalv 20t.b W32, and two bad a fatal tctmmatiou. 'I’lic 
wdurrenoo of such acddcnte at JonBalcm bas been as foUowa ^t <«,ni-r«d 

‘ifter 4 680 hit.ten persons had heeii treated, the second alter ^,403, and ihu Idtu 
after 9,^50. Again, ‘ while the period 1923-27 was entirely free from accident, the 
tirtriod 1928-32 showed 5 cases of post-treatment paralyses . Of the five, three 
S^^SryV syndrome and ended fatally ; the other two were c^ses ot^orso- 
myelitis and have recovered. “ A imrallel is found in the statistics of the Tieima 

Imfcitute * whereas between 1894 and 1914, 7,632 bitten persons were treated with- 
out accident, between 1916 and 1923, 6,764 treatments yielded 89 cases (6-7 per 
thousand).'' These periodic increases cannot be ascribed to intensification of treat- 
ment or be explained by the numbers of passages to winch the fixed virus used has 
bemi suhmltied (Bujwid's tlieory). They lend support to 1he view that the iiici- 
clenr-e shows periodic increases. The lustopathological ap])earnnees were those oi 
varvinc. degrees of chigenerativc change in ihe nerve cells, with considerable perivas- 
cular congestion. Perivascular demyelination and cuffing '' were absent. ^ Ao 
Nesri bodies were found. “ A eyfotoxin, rather lhaii a vims tlioory of origin, is 
a^rain advanced. Thus in ihe basic nerve substance of all anti-rabic vaccines there 
semns to exist some deleterious component which, though advoYsely afiected by 
various physical and chemical agencies, is still capable, in peculiarly susceptib e 
individuals, of producing neuroparalytic disorders.'' 



^ i 
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In the secohd part of a mejnoir entitled “ Studies in Rabies^\ Semlinger and 
Bailij ■ ® have collected a number of recent papers. In. the first and second sections 
they describe the treatment of dogs and other animals by etherized virus, and give 
the results of their, experience in Morocco. (This Bulletin, Voi. 30, p. 137, and 
earlier papers). In the second they describe their experiments with the Trinidad 
virus (VoL 29, p. 596). The third section deals with the effects of alcoholism during 
immunization CVol. 30, p, 113). The fourth on phylazis deals with the action o.f 
sparteine (YoL 30, p. 140). The fifth on the persistence, of rabies virus in the brain 
of the tortoise has already been reviewed (Vol. 29, p. 605, and Yol. 30, p. 141). The 
sixth is on the jnfiuence of cachexia on the pathogenesis of rabies (Yol. 29, p. 607), 
The seventh discusses the influence of anaesthesia on the. incubation period oi rabies 
(Yol. 29, p. 607). The eighth and last is on tho passage of rabies virus through the 
milk (Yol. 30, p. 137). The results of these re.searches are thus a.1 ready in the hands 
of the reader. — ^ ^ 

®'’ Kelal^lger(l.^) & Bailly {<).). tUudos BUr la rago (iluu.'e.ams mt-uioifti).- Ann. Puskur, 
1932, Dec. Vol. 49. No. 0. Pp. (j05-7:}r>. (Refs, iu footiiutes.) 



TOEf H'B'R HOra ON FOOT- AND«MOUTH: DISEASE IN 
SOUTHEB.N RHODESIA AND AN EMIEGENCY METHOD^ OF 

INOCULATION :: 


BY 


LL. 1, W 


:revan,;m.r.c.v.s. 



TjmMiVf of VeMnnm'y Rese(mhyS(miliem Rhodesia^ 

[ Re]»i-iiited from Transactions of the Bmjal Si^Adtj of Tro'pkal Medkvm and Hygiene, Yol. XXVIT, No. 1-] 



In Deeeniber, 19.11 , an article was Bent to this Society for publication describing 
c(^rtaiii iinvisiuil ieatures presented by foot-aiid-inoiitli <lisea.se in Soiitbern 'Hbodesia. 
A nuitlnul of emergency inoculation based upon tliese peculiarities was suggested, 
with a view to setting up a .mild form of the dist.aise and establishing licrtl iinin unity. 
This article being too lung, an epibnne only aj>])eared in these Tran tat dia tin (19:j2), 
Vol, XX.VI, No, i (June), ]>. 80. It stated that at tlie time, the re^tort was conpjiled 
some 20,000 to 10,000 cattle liad been inofuilated by the m(3thod described, and a, 
further and fuller re])oi.i, embodying the observations of fudd oiiiccrs in cliarge of 
tlie work and giving do^tails of practical and soientiiic interest, wars j)romised. 

The. s})ecial features of the disease as it occurred in Southern Rhodesia,, in the 
laboratory and in the field, were lirietly as follows :~-ln the majority of cattle tlie 
infection was extremely mild, occult cases characterised by thermal reaction only 
without open ” lesions, predominating. The lilood of cattle snlfering from siieli an 
“ occult reaction was found to be virulent even Irom the first rise of temperature. 
Under Rhodesian condituuis, also, infection was only transmitted with difficulty, 
close head-to-head contact being necessary. In the laboratory, attempts to infect 
by intra-oral and subcutaneous inoculation failed, but intra-nasal injections were 
almost invariably successful. It was also found that when virus t>f low virulence 
was passed from animal f.o animal in low condition the mildness of reaction persisted^ 
Imt that a single passage through a fat animal would result in an exaltation of virulen- 
ce and the appearance of typical lesions. The viability of the virus outside the animal 
body was extremely brief even under laboratory conditions, and at first it was 
believed that it was equally vulnerable in vitro. This, however, was found to be 
incorrect and, when a preservative of appropriate composition and pH had been 
found, blood- virus and infected epithelium were sent to England wFere they arrived 
virulent and maintained their infeotivity for several months. 

, ■ ; T The sloyir spread of mfcctioh under natural conditions, the indefinite nature of 
the SyprptdmSj ’ and inaccessible areas in which the disease occurred, and 

... , ■ '<«*■) 
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the innumerable native-owned cattle to be controlled, rendered i.be i-ask of 
the Veterinary Department extremely difficult, and some emergency motliod of deal- 
ing with the disease had to be devised. Fortunately the exceptional features descri- 
bed suggested to the writer three metliods of dealing wdtb the disease, and these 
were boldly and successfully adopted ; wnth the result that twenty months after tlie 
appearance of the disease .some 185,388 cattle having been inoculated, the disease 
has been completely eliminated from the Colony— a notable aciiie^xtment of whicli 
the veterinary profession in that cenntry has every rea.son to be proud. 

The three methods advocated were : — 

Method 1. ; — The issue of standardised virus from the laboratory to bo used by 
■officers in 'the :iield, . 

Method 2 -The preparation of virus by veterinary officers in the field, in 
accordance with the following directions From a naturally infected herd some 
dosien hardy animals to be selected and kept under observation. These to be young 
animals of “ native ” or Africander type, not too fat, thin, or suffering from any 
“ open lesion. Their temperatures to be taken daily. On an elevation of 
temperature indicative of foot-and-mouth disease, blood to be taken and 
injected into the no.sos of the others. Wlion tliese in turn reac.ted their 
blood also to be drawn into separate bottles containing glycerine and citrate-saliiie 
solution to make equal parts of each. The bottle containing the hlood-virus 
mixture to be kept in a cool dark place in order that pircplasras, trypanosomes and 
other coritamittants might die out. The donors to be watched and the blood from 
any reacting severely to be discarded. The supplies from suitable reactors to be pooled 
and 2^ c.c. of the pooled mixture to be injected into each no.stril of the animal to be 
inoculated. During the following fortnight tlie inocn]at.ed animals were not to be 
driven or exposed to any severe condition and were to be regarded as infective to 
hoaliihy animals with 'which they came in contact. 

It may be mentioned that as much, as 1,500 c.c. of iulVctive blood could l»e 
taken from each bleeder and tliis mixed wdtii preservatave provided d.,500 c.cin, of 
liquid oontuining virus. 

Method 3 : — This was bas^'.d upon the <.>h«(u-vation Ihut infection could l>e 
transmitted by (dosci lieiid-l.o-bead. contact, ft was suggcsied that to lunsten infec- 
tion, sick and healthy animals should b(‘, herded {■ogcUher in (‘lose.'-t ooT)(.aot in ki'a.als 
for several days, and that, if possible, rock-salt or maize-imad sbould ])e ])ut down 
to encourage head-to-head contact. 

The Report of the Chief Veterinary Surgeon for Southern Rhodesia for the 
year 1932 has now been publi.slied and contains interesting infoimation concerning 
the application of these methods which have resulted in the elimination of foot- and- 



Officers are included wliicli show that the original directions were in some 
cases sliglitly modified but that the general principles laid down were adhered 
to, one or other of the methods being adopted. Generally speaking, the idea was to 
“ burn the disease out instead of allowing it to snionlder indefinitely, and to 
establish belts of immune cattle between infected and clean areas. The Cffiief 
Veterinary Surgeon states, “ It was indicated in my report for 1031 that two of the 
methods recommended by the Director of Veterinary Research, Mr. LI. E. W. Bevan, 
for the rapid spread of iniectiou in areas likely to become infected were adopted. 
Tile direct contact method, that is, the introduction of diseased animals was carried 
out on a large scale in the Victoria area with very satisfactory results. In all other 
areas t|ie intra*nasal method of inoculation was practised. The total number of 
cattle inoculated during the year was 185,388. The results were extraordinarily 
satisfactory, the reactions being invariably weil marked, praetically 100 per cent., 
excluding calves, and all signs of active infection had generally disappeared in less 
than four weeks from the date of inoculation. In two instances only was there 
any variation from the normal reactions ; in these, fresh cases of disease continued 
to appear up to thirty days from tJie date of inoculation. Inoculation, of course, 
cannot lx? smicessful unless a cattle-free beb, is established l)(?tw(?en the art?a in which 
it is being (?a.rried out and the shrrovmding clean coiuitry. The method usually 
adopted was to couccnl i'ato the tnillle for and, where feasible, move 

cattle not in immediate contact with infection outivards, thus creating a cattle-free 
belt, both sides of which were fitrongly guarded.” Since the elimination of the 
disease from Rhodesia it has appeared in the Bechuaiialand Protectorate, where it 
is being dealt with by the intra -nasal method of inoculation slightly modified to 
local conditions. According to the latest reports some 86,000 cattle have been 
treated. 

In the course of this unique experiment on an enormous scale, several interesting 
observations were made by officers in th.e field. With regard to the duration of 
immunity resulting from infection with the Rhodesian virus the Chief Veterinary 
Surgeon states, “There is no doubt that it gives a complete immunity for a consider- 
able period. This is demonstrated by the inoculation wdtii proved rirulent blood 
of 206 head of transport oxen at the Nuanetsi Ranch which had been infected about 
fourteen months previously. Not a single beast showed the slightest sign of a 
reaction to the inoculation.” 

One officer presents evidence which indicates that caive.s born of cows shortly 
after recovery from natural infection are immune. Concerning methods of dis- 
semination of the disease in Rhodesia, experience has gone to prove the accuracy of 
the eaxlietriheorie?. The Chief Veterinary Surgeon writes It can be stated with 
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confidence that the great majority of outbreaks during the year were the result of 

contact with diseased animals There is no doubt that game, especially sonic 

of the larger species, contract the disease readily, but there is no information as to 

the course it pursues w'hen a herd becomes infected At the same time it is 

evident that game cannot be a frequent cause of the dissemination of infection, 
otherwise no measures would have prevented the greatei* part of the Colony becom- 
ing involved.” 

Although numerous opportunities must have occurred to ascertain wliether 
recovered animals become “ carriers ” of infection, some 796,000 head of cattle 
having contracted the disease naturally and a further 166,000 as the result of 
inoculation, no instance of such a case has been recorded. 

It is of interest to note that the Ehodesian virus was sept by the "writer in 
January, 1932, to the Weybriclge Laboratory to be “ typed”. The first passage 
through English cattle resulted in a severe reaction with characteristic lesions. 
Also the resulting infection proved to be readily transmissible from animal to 
animal. The viability of the virus outside the animal body and in body tissues 
and on different substrata, appeared to be approximately the same as for European 
viruses. In other words, with a single passage, the Ehodesian virus lost its local 
characteri'^tics. On the other hand, in Ehodesia the virus dosfi not ap])eHr to Jiavc 
undergone any change or mutation in cattle, otherwise the inoculation process would 
not have proved so successful. 



ABSTIACTS 

fherapeaitae general® ie piroplasmoises. (Treatment oi piroplasmosis.) 
Bonatien, A,, and LESTOGUABDj F. to. Fct. 8S, 4-17-433 (1933). 


In tin;-; conipvolif'iish'-e artieli*, tlsG aiithm's reviewj nndoi' ajiprripiiale lieadiiif^s (as Jiidicalod 
lielow), the present position in rcj^:arii io tlie prospectsofcnreaiKlpirn'entionofthovarionsforms.. 
of pirojilasiuosis alTectiiig eaftle and solipeds, the pai'asites eonsidored by theni eompvi.sinf^ Firo- 
plaaina huicmiuuni (cosmopolitan'!, Jiaheslella hoi:is (Eui'Oiiean), Fahrsiell-r hcrltern (North 
African), Fahesiella arap.niiiia{)i(j\\[}\ American), Anaphiftma marginal e (cosmopolitan), Theilevia 
difipar (Noviii African and Asiatic), Theileria parva (South African), FiropJanma cahaUi (cosmo- 
politan), and <5if«7(cosTnopo]itavi). 

A. CURATIYE TREAIWIENT. 

I. Specific Treatment. 

(1) Trgpanhluc. — This drug is only effective for true pirophtsmosiK cine to ])avasl[os of the 
snbgenns Firap'fasmit sensu .'•'tn'eio, c.g.., F, higemhum, F.rohaU/', P.oi'istwl P. cani.s'. The 
drug is nsod intravenously, the doses reconnnended by the authors ooing 0'2 grammes for 
cattle and 0*6 grammes for horses and nuileg. A single dose is stated to he usually sufficient 
tO' effect '(i cure,. 

(2) Ptrdhlnc , — This is a cembinalion of Ttypan'bluo "vith certain bile jieids, the latter having 
the property (d reducing llie surface tension of liquids and tlieivhy elTcctiiig an intimate, oontaet 
of Tryjianbhie with the parasites. For cattle, Theiler recommeiulM a dose of ] t,f> 2 grammes and 
for lior.seR affected with F. vahaHi infection, a dose of 2 grammes. .Donation and Lcstognard 
fcaind llu' drug also effective fur nutfalliosis. 

(8) ./eA?t^,ar/ 7 o«.-— This drug would appear to have been used •with cimsidcrable success in the 
Tiveatment of babesiellosis (which is not hnown to occur hi .India). 

(4) StovcrxdL — irsed in combination with quinine bromohydnite, it yields favourable results 
in the treatment of nuttalliosis- 

(5) Satis of Quinine. — This drug has been used with some success in the ireatnient of ana- 
■plastnosis. 

(6) Kexamethjle'ne Tetramine,-~~Y ownSi. efficaebug for some forms of babcRieliosis. 

(7) Antimosan {in 6' 3 per cent, sohiticn), ’-In 1931 Vein and his collaborators treated 13 cases 
of T» dispar infection with this drug and death occurred in 6 of these, hut out of a lot of 6 animals 
treated by them in 1D32, only 1 died. In an outbreak dealt witli by Donation and Lestoguard 
themselves, “ one-half of the a'lVccled animals were treated with Anlimosan and the other half 
left as controls. In the two lots, the tfstal number of deaths amounted to 60 per cent. ” 

(8) 6ro??ftcrf«£‘.— Workers in Morocco found a single intravenous dose of 1 gramme of this 
drug effective for all forms of pivoplasmosia both ' in , cattle and sheep. Donation and Lesto- 
guard found the drug eflicaeious in babosiellosis, hut when employed in doses of 1 to 3 grammes m 
the treatment of anaplaamosis, it caused only a temporary amelioration of the symptoms and in two 
instances death occurred as a reeuli of intoxication. The Moroccan workers state that they also 

... treated 21 cases of natural anaplasmosb with thia drug and that -cut of these, 14 survived, those 
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suppressed the thcnna! reaction, it had no effect either on the parasites or on any 
clinical symptonis. 


B. PROPHYLAXIS. 

Under this heading, the authors refer to the desirahility of (1) adopting suitahle nieasuros 
against the introduction of affected animals; (2) destroying the transmitting ticks; and 
(3) prenmuising all susceptible animals. 

By promuniaing, one contrives to bring about a chronic, latent, infeeiioii in the animal coiuierneJ, 
hut as this involves the inoculation of living pirnplasms, there i.s a rist of the oeeurnmee uf acute 
paroxysm following ujiou the first invasion by tJie parasites. 

In premnuising against P. hiymimim infection, one takes tlie blood of an aniuiai that had 
develoiied a paroxysm of the disease 3 to 4 monllis ju'eviously and inoculates the blood snbciitane* 
onsly into the animals to be premnnised at a dose rate of 6 c.c. If any severe synip toms are 
produced as a result of the blood inoculation, the animal is injected with 20 c.c. of Trypanblue 
(presumably of a 1 per cent, solution). 

In premuuising against anaplasmosis, one injects a healthy animal subcutaneously with 
60 c.e. of blood drawn from a bovine in a chronic state of this infection. Six days later, 

during the period of incubation (which ranges from 25 to 30 days), the inoculated animal is 
hied and the blood thus obtained (the “ virus vaccine ”) is injected at a dose j ate ofScc. into the 
fiaimala to he prenmnised* 

There i.s no methed known of attenuating tlie virus of theilox*iasis. One thei*efcre selects a 
slain of parasites from a natural benign case cf this disease and keeps the s^train alive by passaging 
through suitable animals, the blood for subiuoculation being every time draxvn at the moment 
of acute paroxysm. The blood (“ virus vaccine ”) drawn in tliis niannor is also subinoculated 
at a dose rate uf 10 c.c. into tjie animals to bo premuuised. 

The three virus vaccines mentioned above may be conserved in vitro for 3 to 4 days (S. K. S.) 


lame. ’W'ehr, E. E. Cor mil Yeterimrian, 23, 264-273 (1933). 

The absence of definite infoimaticn fonrcniing the I'atb of migration of the yoiin 
bot-Uies aftiu- they have entered the mmith-cavity (f the host animal has hitherto made it 
of some difficulty to dot ermine the right time for the application of controil measures agr 
parasites. The anther found that after reaching tlie menth, tlie larva' of Oa.<tir(iph{/i 
ndlis burrow into the mucous membrane of the tongue, cheeks and lips, in which they wai 
for several days (which may extend to 3 months or more) and that they later leave these 
and mjgrate to the stomach by way of the pharynx. It is noteworthy that the larva 
from under the mucous membrane at the base of the tongue ivere generally much lar'.^er t 
extracted from the anterior portion of the tongue. 
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In Mgard lo 0. mmlis, tlie Mtlioi citos an interc.ting oWrvation Mcordcd ly Welta [W31] 
wlii «uia to indicato tl.at tie kna- of thi» fly do not bomw into tie aim ^ *'‘™‘ 

(where tie egg. are, as a r*. deposed), bnt that tiey crawl on the eurface of tie aim and and 

tlieir way ijito tlie juoiith lieUveeii the lips. [S. K. S.J 

fheeoBtro! of camel teiianosoimasis. Beknett, S..:C J.: J, Gomp, F<dh. & 

, : ^ ' Thf,y^xmh 67-'!? and 174-185 (19SS). 

Theaiithor siivveys his work on this prchkin iaiTit-d out espcnumental 

(lata are based on hundieds of eainels in which the disease wag diagnosed and treate . le specie^ 
normally responsible for this disease is Trypanosoma soudanense (a local name for ( 

a"L“% whkh ia tranamittad by tahanid fliea. The nnmher of^.ector. .. very rnnch rncveaaed 

during the rainy season dnd therefore the disease takes on an epmootic form. 

The diagnoMs of this disease under field conditions hy the cover-slip method^was found to miss 
a tee iinmher of infected camels. Thiabrnud-gel test gave promising results hut on account of 
eertatn praciical objectimis and the superio^^^ <^fiV«ide test the tormer was ahan- 

^oui&d. 

'I'he method of apply ing the mercuric chloride test is to add^one drop of susFcted serum to one 
cubic centimetre of 1 /26,OGO aqneoag chemieally pure mercuric chloride solution in a es 

^ The appearaiice of white precipiMe cd any denmly within a 

few incments indicates infection. For accttracy of resiilts the use of a and coipusce 

free serum, is essential. 

A .ihgle intmveuou« injrfon of four gramme, of liogaaol (Bayer 206) i. a Wive d« and 
the anthor conclude, that this dmg ha.no parallel in thci-aieutio value, and the eoctiol ol the 
disease almost entirely depends on the proper administration of this compound. 

Immunity following cure is non-existent, although the'camels are resistant to re-infection for a 
short period due to residual traces of Naganol. 

Trypanosome “carriers” among domestic animals, such as horses and donkeys, play little part 
in spreading camel trypanosomiasis. 

The routine iveatment is generally undertaken towards the end of the fly season. I his 
ensures that few camels reipiired a second course of treatment in one year. 

Camels are susceptible to all species of tsetse-borne trypanosomes, and, wiUi the ^ 

Tryf. conyolense, the infections appear compawble with those of 'Iryp. e oanst type, and a lo I - 
system of control would, therefore, he applicable. [B. S.J 

Tricltomoiiaas associated ^itit teeediBg troubles in catie. McNutt, S. li'., 
Waesh, F. N,, and Murray, 0. CorneU Fe?., xnu, 160-169, (1933). 

The Protozoan parasites known as Trichomonad have long been regarded as causing 
troubles in cattle. Once the infection is established in a herd, a large number of ^ 

affected thereby causing a great loss to breeders. The chief pathological changes found aie 

iiLaed uteM. wnfming wp to fowl gJlow. of pu. of . yellowish, watey, and ”“‘™' 

having a slight odour and acid reaction. The uterine mucosa appears smooth and leathei-iiJie, yvni 
some parts are roughened yellow and necrotic. 
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file yommereia! possibilities and limitations oS breeding Sor disease 
resistance. OolEj L, J. 19B3. (Univ. A¥isco]i^sm.) Proc. Amer, Soc, Anim. Prod, 
25tii Ann. Meeting, 1932: 271'-272. 


Natural resistance to many diseases is apparently more prevalent ill wild species than in the 
flomestifiated races. To iucorporato general resistane c in a breed it must lie found in some members 
oftbebreod or be brouglit in by crossing. The rules of most breed associations elfectivel}' prevent 
introduction of resistance by cross-breeding, Tliere is commonly difficulty in distinguishing natural 
from aci|uired iuiimuiityj which interferes with the selective process. "While genetic resistance may 
in some oases be conditioned by a single gene jiair, it is usually more complex. Resistance to infec- 
tions is commonly specific, reriuiriug selection for each disease. This greatly limits what can ho 
accomjilisiicd, iiolection for resiatance adds to the characters alrtady being selected for, 
complicating the breeding programme. Variability (mutation) of the ]jathogca may iqiset 
the re.sulls of lung selection. Constant selection will be required to retain g'Cbistauce after 
it has been attained. The following general principles arc ofl’ered : (1) Where juothods of 
prophylaxis or treatment are known and readily aj^fficable, they will in geuorul be ineferublo eco- 
nomh'ully to attempting to breed for resistance, ft must bo borne in mind, however, that nnless 
the pathogenic agent can be eliminated completely tb e necessity for control, such, for instance, as by 
vaccination, will be a continuous one. Under such treatment the stock is likely to come to have 
less natiind rc-vi^fimce rather than nif-rc. ('J) Tiio genetic method can be much more readily a])i>licil 
to animals wiiich pifducc a large ])rogony and in wliicli the value of the individual is relatively 
HUiall. ihogress dtipends on selection of large n ambers and elimimuiou on a large scale. Such 
eliminuii ,n is .'■(■.lively praeticabh in the Urger animals, for the conirnordal vaine of the individual 
is apt to he too high, and reja'oductiou i.s .so slow that the female breeding stock cannot be uiain- 
tained if selection i.s ioorigi>l. pi) h'roiu the nature of the case, the nuinher of diseu.sts which might 
he selected against in any sietde is strictly limited. This is anotlier icason for restricting the genetic 
met'hod to thuac di-eases which cannot readily be brought under eoiitrcd liy other means. (4j W'hilo 
in geiKi’al, as jioiuted out, the other methods tend away from genetic impr>.vomcnt, it is entirely 
pofesihle fhat, at l<‘a.--t in certain they nuiy be made to work in harmony and towards the name 
Olid. [ From An.mal Bne<liii<i Abatracts, Vol. I, N*u 2, July 1033.] 
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OBITUAEY NOTiei 



W’e deeply regret fco record tiie deatb, in England, o| Mr, Hngli Cooper, 1 
M.R.C.Y.S., 1st Veterinary Researcli Officer, Imperial Institute of Yeterinaiy Eeseaicli, I 
Muktesar, on the 6th December, 1933, In Mr, Coopery's death the Yeterinary Profes- 
sion has lost a most valuable officer and a charming personality cut off in the prime 
of life, a-Hcl we offer oiir deepest sympathy ho his bereaved widow.: A inller notice 
giving some indication of Mr. Cooper’s work in this country irill appear in a later issue. 
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CAPTATH HUGH COOPER, M.R.C.V.S, 

(Reprodaced with the permiaaion of the Editor. The VeUrlmni .Record,) 


CAPTAIN HUGH COOPER, M.R.O.V.S., 1896403B. 

(With PJate XVr.) 

It is witli tliB greatest regret til a, t we have to announce the death oi; Captain 
Hugh Cooper, Pathologist, Imperial Inatituf’e of Vcteriiiaiy Eesearoh, Miiktcsar, on 
the 6th Decemher 1933 at Korfchwood, Middlesex. 

The loss of an officer of his calibre and attainments W''i!l cause deep sorrow, and 
his cheering energy and keen application to his work or play, 'will long be remember- 
ed by his colleagues and those associated wntli him in his work at Muktosar, and also 
by those members of his profession and others with whom he came in contact 
throughout India. 

We tender*onr niost sincere sympathy to his widow and other relations. As a 
fitting tribute to his character and courage 'we feel that w^e cannot do hotter than 
associate ourselves with the appreciation published in. the V eU^rbianj lieconl, Hecem- 
her 23rd, 1933 issue, wiiicb we reprint below :~ 

" The death of Hugli Cooper, recorded in 3 ''out issue of last week, cuts short in 
its prime a promising and nsofni life. For India, tlie country in which he liad. chosen 
to spend his professional career, this loss must be regarded as a tragic one, for by 
temperament and bearing he was eminently attuned to that environment, and the 
large experience ■which lie liad been steadily gaining in the -[iroblems of animail 
pathology peculiar to tliat country would have been of iii,estiio.abIc value whe'ii it 
was duly placed on record i’u iris more mature years from the inassive eolloetioii of 
documents and j'lersonal knowledge which ho had accumulated on the subject during 
a period of ten years’ well-directed industry. The circumstances of his death display 
the reactions of a gallant nature to the coi'iscious'iiess of a. slowl}?- impending doom, the 
precise outcome of ■which ■was clear beyond doubt to liis mind by the ki.iowledge 
gained in his own expert calling. 

Born at Hampstead, on September 13th, 1896, the youngest child of the late 
Mr. G. H. and of Mrs. Cooper, he was educated at Broadoak School, N'oriiiAvood, and 
then at Uppingham School, from which he entered ■the Eoyal Yeterinary College in 
1913. He served his pupilage with m. F. T. Trewin, of Whtford. He qualified in 
1917, after winning the Waiiey Memorial Prize of the R, C. T. S., entered the R. A. 
y f C. during the W ar, and sa'w seryice in Mesopotamia, After demobilisation, he 
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went into veteriiirtiy ur{U',t!(^e for a siiort time, and tlie-n returned to the Eoyal 
V(d-erina.iy College, early in 1920, as a researoli assistant in tlie Department of 
Researcli in Animal Patliology, soon afterwards becoming Sir John MTadyean’s 
Demonstrator in Pathology* He also leetiired in protozoology. Towards the end of 
1921, he was appointed to the post of Pathologist on the staff of the Imperial Bacte- 
riological Laboratory (now the Imperial Institute of Veterinary Eesearch), Miiktcsar- 
Kumaun, IJ, P., India. He toolv on his duties these after a short visit for special 
training to Sir Arnold Theiler's lahoratory in South Africa, where he seems to have 
caught a good deal of that master’s zeal for research. At the time of his death, he 
had spent ten years, as lias been said, in actual service, not counting leave periods, 
at the Muktesar laboratory. 

If a selection had to he made of his most important contributions during this 
period to the advancement of knowledge in veterinary jiathology, perhaps the most 
outstanding would be liis extensive and careful survi'.y of the nature and distribution, 
of bovine coccidiosis and jiiroplasmosis and the resuscitation of latent forms of these 
infections during .intcrcurreiit attacks of rinderpest, Tluu’e were several other pro- 
blems that he had gone far to elucidate from among tlie wealth of material that lay 
awaiting investigations, notably, for example, pseudo-fowl plague (ranikbet disease), 
lowl Spirochaetosis, gjanders, .rinderpest in goats, Jolme’s diseavse, surra, and boxdne 
thoilcriasis. It ivas full}'- exp^'.cted that in the normal course of events he would 
have survived to place, on record tlie masses of evidence whidi lie and other collea- 
gues had gathe.red round such problems. 



His real service to tlio study and diffusion of knowledge upon animal jarthology 
in India cannot, however, be estimated, even approximately, by his acldevements in 
specialised pieces of large research, important though many of tliese were. At the 
Institute, he developed a large and varied routine and advisory patliological side, 
which was of inoalciilahle benefit to the civil and military veterinary services in the 
field. His replies to enquiries w^ere invariably claracLcrised by courtesy, helpful- 
ness, precision in diagnosis, and soundness in prognosis. Further, in the classes of 
training at Muktesar for various grades of vete.ritia.ry ohicers in India, including the 
two years’ courses started by the Government of Jmlia for the education of Indians 
in India to the highest standard, lie took a prominent part, and his practical teach- 
ings will long he remembered by veterinary officers now scattered in .responsible 
positions throughout the sub-continent. 

In that isolated kill station hip social qualities were an immense asset. Kind, 
generous and hospitable,, he was the friend of everyone ; 

9^ coffe^gues,^ was beloved and trusted by all 

^kese he , euqouraged at their woxk^' listened to sympathetically ih 
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CAPTAIN HUGH OGOPEE, M.B,C.V-S., -T.V.S^ APPEEOIATION . 

tlioir difficiiltioSj and fired witli eiitfiusiasm in their gaifies. He Avas a sincere tow 
of animals. 

Soon after his marriage to M: 
home to England on 
leave, whieh he arj 

Animal Pathology at Cambridge, where he 
friends then on the stafi there, 
beginning of the cold weather season. 

There supervened, however, at this stage in his career, 
secure and Mi of bright prospects, one 
fail with special malignity upon those whose minds are fully enlightened as to their 
fate by the sjiecial culture acquired in their avocation and cannot obtain relief 
tbe succour afforded by ea,sy illusion. Characteristically, he faced this position with 
imwavering courage, betraying till the last no signs of anguish or exlianstioii of his 
ample reBsrves of sane judgment. Instead, he was coolly solicitous not to inflict his 
personal sufierings on his friends and relations. At one stage during the course of 
treatment phenomenal success was achieved ; indeed, so remarkable was the mi- 
nrovement in Huffh Cooner’s condition that in Mav. 1033, he was passed fit to 


!iss Janet Beazley in India, in April, 1931, he came 
ordinary leave combined with a prolonged period of study 
•ranged to spend at Professor Buxton’s Research Institute in 

was to resume contact with his early 
He w'as due to return to his work in India at the 
in the autumn of 1932. 

when his future seemed 
of those unexpected tragedies that seem to 



MINEBAL : A.SSIM TWO TYPICAL FOBBEEB. 

BY 

A. YISWANATHA lYEE, B,A., : 

AND 

N. KRISHNA AYYAR, B.A. 

{I'rom the Animal NutriUoii Sectioii, Bangalore.) 

(Received for puIHcaticin on theSSth January 1934.) ' 

Tlie work recorded ill tliis paper is a continuation of experiments publislicd a. 
year ago by Wartli. Yiswanatlia l 3 ’-er and Krishna Ayyar [ 1932 ]. The references to 
the literature on tile subject and the object of the present enquiry having been sot 
forth fully in the first paper, these matters need not be touched upon here again. 
The fodders previously tested were Ragi straw and mature hay. In the present 
experiments JoMa?' hay and Rice straw have been tested. 

The procedure adopted was exactly the same as that already described. A long 
period feeding test was carried out with the two fodders, three bullocks being main- 
tained on each. A small amount of concentrate was fed to all animals alike to 
ensure a sufiioiency of protein. 

The feeding test was divided into three periods 
jPmi Rmod The fodder without mineral supplement. 

Second Period : — The fodder with supplement of calcium phosphate. 

I’/wrd Pmbd -The fodder with calcium phosphate and green food. The last 
test was intended, as in the previous experiments, to determine whether green food 
with its accompanying vitamins led to further assimilation. During each period 
numerous determinations of the mineral balance were made. Variations in the 
quality of the fodders during the course of the experiment are shown in Table I. 

Table I, 

Jotiarhay 


Rice straw 


0‘.56r> 

0-657 

0-454 

0-524 

0-483 

0-561 

0-638 

0-661 

0-843 















MJHIRAI* ASSIMILATION ffROM TWO TIOTOAT. FOOPHKb 

It will Tbe noticed that tlie Jmiar hay was fairly consistent in composition, 
except towards the very end of the test when it fell off in quality. The quality o 
the rice straw improved definitely in the later stages. It is important to compare 
tliese fi gnres with values obtained elsewhere. The accompanying table enables us to 
judge the mineral status of our samples. : 

Table TL; 


2. Romney Marsh ‘‘fatting” Bold . . . ■ 

3. Average Scotch lowland-pastures . . • • 

4. Average poor Scotch hill-pastures. . . . 

South Africa-™ 

1. Pasture (arerage of six samples of hay) , 

2, Qreen fodder (% on dry matter) Tall Fescue . 

3. Sheep’s Parsley ... . . . 

4, Average for whole Season for herbage at Armoeds. 

viakto . . . ...... 

India- - 

1, Jowaf hay ' ' ' ' . . , . . . ^ 

2. Rice Straw " . ■ . . . . 




CaO 

PPs 

Per cent . 

1*004 

Per cent. 

0-735 

0*878 

1 '227 

0*821 

0*876 

0*162 

0-420 

0*1,38 

0-278 

0*310 

0-120 

0*600 

0*160 

0*610 

0*176 

0*382 

0*227 

0*664 

5?ho««arartiSs«asxiw^: 

0*169 


Per cent. 


Compared with good English fodders our experimental samples are poor in 
mineral content. Compared with the South African fodders, the Jouar hay is poor 
in lime, hut fairly well provided with phosphoric acid. Eice straw is distinctly poor 
in phosphoric acid hut moderately well provided with lime. 

Experimental results. 

Fmt Period : — Eodder without mineral supplement. 

The mineral balances during the first period are shown in the accompanying 


f) 
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'.rABLE III. 


Fmt Fcriocl — {Fodder withoui mhumd siipplo^nent) 


Ilice straw 


Intake 


ExerotioK 


Balance 


Intake 


Excretion 


Balance 


Intake 


Exesretion 


Balance 


Average 


Average 


It; should be noted that, every figure in this anch in subsequent tables is the 
average intake and outgo determined for six consecutive days with three animals, 
It is strikingly clear from these results that Jonar hay gives positive assimilation 
for both lime and phosphoric acid, while rice*, straw gives negative balances for lime 
with no assimilation of phosphoric acid. The lime hulanci^B are instructive. The 
rice .straw ration, which provides more lime, leads to loss of lime, while the Jouar 
hay ration, xiroviding much less lime, induces asshnilution of lime. These results, 
coupled with the corresponding phosphoric acid data seem to indicate that lime 
assimilation is largely dependent upon the phosphoric acid intake. A similar con- 
clusion was reached in the previous paper {he. oil. page h29). It will be useful at 
this point to compare the results obtained during the two seasons. The following 
table shows the average intake and outgo of minerals for the entire series of tests 
in which the fodders were fed without a mineral supplement. 


Jouar hay 

].'n grams jicr clay 

OaO 


f Intake 

13-82 

19*26 

[ Excretion . , 

1 

13*22 

li)-03 

1^ Balance 

4-0-&0 

•-|”4:*23 

Intake y . . 

16*76 

16-04 

Excretion. : . . 

■ 12*76 

13-49 

Balance . . 

+3-97 

+2-55 

Intake , . 

: 17*47: 

' 17-81 ' 

■' Excretion ' . ■ ■ 

'14*20' 

, 15-24, 

Balance . 

-p'3-27.; 

■ +'2-57''' 




Intake 
R xorctiou 
Balance 


CaO (in grams per day) 


JSxeretjdii 


Intake 


Balance 


Excretion 


Intake 


14-59 

11*05 


lfl*02 

24*91 


27*33 


In grams per day ; 


22*91 

18*29 

1 - 4*02 


19*99 

19*18 

- 1 - 0*81 


80*93 

29*47 

-il*40 


29*32 
29*31 
■ ; 0*01 


18*32 

10*52 

1*80 


17*81 

-1-3*10 


18*75 

17*74 

■f-l*01 


MINERAL ASSIMILATION BROM TWO TYPICAL POODSKS 

Table I?. 

Results of two years com^Jared. 


It slioiild be remarked that these figiiies are the averages obtained from 
numerous tests ‘vvith several animals and must be significant. 

It appears that if the ration provides a sufficient excess of lime there will be some 
assimilation even if the phosphoric acid content is low (See results of Ragi stim and 
Bolarum h&y teats published last year). On the other hand, if the lime pii'O'i'dded is 
only: moderate in amount it will not be assimilated unless there is an excess of 
phosphoric acid (Rice straw). Further, the e/oMUT figures show that even Avhen lime 
is low, assimilation can occur If excess of phosphoric acid is present. 

Second Period ;>*T-FoddeT with oaleium phosphate supplement. ■ 

The minetar balances obtained with the supplemented rations are shown in the 
table "■given"beIow:;*>™"' 

Table V. 


Second Period, — {F odder with calcium pfmjFm te. siipplemen t ) . 


18*92 
1 1 -eo 
-] 7*02 


Averago 


i-2'72 -i-2'06 Aver.ago 


I 0*74 f 4*41 


In these oxiwimenta the animah rooeived 20 grains qalcimii phcitsphal e. 


: f' Intake ' 
Excretion . 
I Balance 


Tutako 

FiKcrelion 

Brtliinco 


Intake 

Excretion 

Balaneo 
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Table III 


first Pemd-^iFoMerw^^ minefal 


Jouar hay 


In gra«is per day 


Intake 


Excretion 


Balance 


Excretion 


17-47 

17-81 

Intake 

14-20 

13-24 

Exerotinn 

+3-27 

' +2-57 

Balance 

+2*61 

'1-3-12 

1 Average 






















liolanun Jin.y 
Rmji fitnw 
Jouar liM.y . 
Pviec Ktrifw 


MINERAL ASSIMILATION EEOM TWO TYPICAL FODDERS 

Table IV. 

Results of two years Gompared. 



OaO (ill. grams jjoi' day) 


P2O5 (in grams per day) 


Intake Excrotinn Baiance Intake. Excretion .Balance 



: :: 



It sboiild be remarked tliat tltesc figures are tlie averages (.)]>taii.ied from 
numerous tests with several animals and must be significant. 

It appears that if the ration provides a sufficient excess of lime there will be some 
assimilation even if the pliospborio acid oontent is low (See results of straw and 
Bohr am hav tests piiblislied last year). On the other liand,. if the lime provided is 
only inoderate in amount it will not be assimilated iiale.ss there is an excess of 
])hosphoric acid (Kice straw). Further, the Jouar figures show that even wdien hmo 
is low, as.similation can occur if excess of phosphoric acid . is p.resent. 

Seexynd Period : — Fodder with calcium phosphate supplement. 

The mineral balances obtained with the Rupplementt?d rations are shown in the 
table given below : — 

Table V. 

Berovd Period.- - '{Fodder with calcium phosphate supple.me})!). 


Joitar Iinv 



20 iD intake 

17*81 .Exerefcioii 

-i-;{*l0 Biiiiiiioe 

18*75 lut.ako 
17*74 Exfi’ctiiin 
-1-1*01 Bftlaiico 


2 --1-2‘Ofi Average 







in thfsse exiKJriments the animah reoeived 20 grams calcium plui.^phate. 
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it may be said tlmtrtlie Biipplement ta practieally no efect on mineral 
assimilation with tlie Jo??®?* ration, Jiidging by \?liat lias been said above, this is 
perhaps not Burprising, for, in the first place, the phosphoric acid balance was 
positive without the aid of the snxiplehient and therefore added phosphoric acid was 
not likely to stimulate assimilation to a marked degree ; secondly, the lime in the 
ration, though enhanced by the Biipplemont, is still somewhat low and perhaps 
insnfiiciojit for greatly increased assimilation to talce place. "With the rice straw 
ration there has been a marked increase in the phosphoric acid assimilation, but the 
lime assimilation has not been improved materially. In this respect the result 
differs from last year’s feedings, where addition of calcium jihospbate caused a 
distinct rise in the lime assimilation from the Bolarum hay ration. It is true that 
Bolmim hay actually provided more lime but this explanation fails when we recollect 
that lime is readily assimilated from J ovar. It has to he concluded, therefore, that 
for some reason, lime is not very readily assimilated from rice straw. Possibly this 
m-ay be due to the absence of appropriate vitamins. 

Third Period .‘— Fodder with mineral and green grass supplements. 

The results of the balance experiments carried out during the third period are 
shown in Table VI, 

Tablp4 VI. 


Third Period. — {Fodder ti'ith mwcral (md gre.cn grass supplements). 



Jouar hay 

Eico straw 


In grams per day 

OaO 

BaOs 

In grams per day 

OaO 

PaOs 

r 

Intake . , 

27-37 

21-97 

Intake 

36-66 

21-46 

1 . 

Excretion . 

24-00 

21-30 

Excretion . 

32-92 

17-92 

i. 

Balance , 

4 3-37 

-I- 0-67 

Balance . 

42-64 

43-64 

.( 

Intake . . 

35-31 

22-66 

Intake . 

38-23 

23-61 

2 . 

Excretion . 

31-3 1 

19-34 

Exci-etkiu . . 

34-05 

21-75 


Balance . . 

-1 4-20 

-1 3-32 

Balance 

44-18 

-1-1-86 

r 

Intake 

29-0)3 

17-39 

Intake , . 

38-45 

25-13 

3 . .d 

Excretion . 

22-17 

16-01 

Excretion . > 

32-49 

20-79 

1 

Balance 

■1-7-46 

1 2-38 

Balance . . 

1-5-96 

44-34 

f 

Intake 

26-23 

15-26 

Intake , . 

39-62 

23-45 

4 , 

Excretion . 

21-01 

13-92 

Excretion . 

41-12 

21-99 

1 

Balance 

+6-22 

+1-34 

Balance 

—1-60 

41-46 


Average 

+6-06 

41-93 

Average 

42-80 

42-80 







sseBmBBsiegaiia&iaiieiitSf 


In these exiKiiiments the ftnimala received 20 grams of caloinm phosphate and green fodder. 
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It will be recollected that the evidence regarding the influence green grass 
u'as not clear in the last year’s tests. In the present tests there is a simi ar n c } , 
but there seems to be some evidence of a positive effect. It is evident, in ■ e ' 
place, ihat lime asBimiktion lias been definitely enhanced for both rations 5^ ^ e 
addition of green fodder. But the green fodder has added considerably to the tola 
lime intake and the increased assimilation miglit be accoiuitcd for by this increase ^ 
intake witbout Laving to assume vitamin intervention. Actually the figures ... oiif 
a regular iimreaso in assimilation (.ipto a ma.ximiim and this mcicased assimi a ion 
is not due to increased intake. Winit is the cause of this increase up to a maxi 
mum ? It may be a vitamin effect. 

Conclusions and .summaey. y 

Experiments on mineral assimilation indicate that the assimilation of lime is 

dependent to a considerable extent upon the intake. There is evidence to show, 
farther, that assimilation of lime is materially influenced by phosphoric ^acid. 
ration with low lime content can induce lime assimilation if phosphoric aid is present) 
in sufficient amount. Einally, the addition of green grass led to increased lime assi- 
miktion. This may be accounted for by the extra lime introduced into the ration 
with the green food, but there is some suggestion of an additional vitamin effect. 

Concerning the two fodders tested, >fomr hay, though low in Hme content, induced 
assimilation of lime and phosphoric acid ; Bice straw gave negative lime balances 
and this balance was not satisfactorily rectified by a mineral supplement. .Ihere is 
an indication that lime is not readily assinffiated^^^^^f^^ type of rice straw used in 
our tests/" 

llEfKRlNOl.y , . . 

Wav{Ii,vF. J., 'Vbm'aiiallia Iyer, A. aiid ICrisliBa Ayyav, N,' (19S2) mMan Journal of Vetm- 
fua'^ Bci^me and jinimal 





TEIATMEKT OF EOLLICULAR MANGE IN DOGS.**': 


' . S. K. SEN, M-Sc., E.K.E.S., 

Imfcrlal Ivi<liinic of Yfleri^tary licmvroh. Mv.hemr. 

{Iloccivocl for piiblication on the 19th January 1934.) 

Follicular mange occupies an almost nniqiie position among tie parasitic diseases 
of live-stock in that the parasites concerned (Bemodex foUiculomm) in the production 
of this condition secure a position in the body o:f their hosts which is neither suifi- 
oiently superfioial to be accessable to any of the chemicals ordinarily used in comba- 
ting other forms of skin afiections, nor sufficiently deep-seated to be reached by a 
chemotherapeutio agent when introduced into the circulatory system of the host. 
In the matter of the location of the parasites, the disease therefore presents a feature 
wliich is not shared hy any other parasitic disease, and this fact has led most 
authors to declare the condition as not being amenable to any of the known foams of 
treatment.. In the case of the danine species in particular, follicidar mango is liable 
to attain a considerable degree of pathogenicity not only by reason of the symptoms 
specific to the disease itself, but also by reason of the complications which are likely 
to arise as a result of the introduction oi BlafhylococGus pjogmes alhiis along with 
the invading mites, and in spite of the amazingly large niimher of remedies that 
have been tested in the treatment of this condition, the actual prospects of cure 
cannot be regarded as having suhstantially improved. As Craig [1923 ; in Woold- 
ridge, Yol. I] tersely puts it, “ a large number of methods and applications have ])eeii 
adopted from time to time ; a few cases may recover, and the method then enjoys a 
brief popularity”. 

Nevertheless, now; and again, one comes across reports in periodicals claiming 
surprisingly good results from the use of remedies which previous experience had 
shown to he practically valueless in the treatment of the disease, and this would lead 
one to the conclusion that, sit any rate, a proportion of the reported faiho‘{;s to effect 
a cure may in reality have been due not so much to the inefficncy of the remedy 
itself as to the method and duration of the application of the remedy. This view 
would seem to find some support in a statement made hy Midler and Glass [1929] in 
their classical work entitled “ Diseases of the Dog ”, for according to these authors 
" the nature of the remedy is not as important as the manner or method of appli- 

* Being a paper read at the Indian Science Congress, Bombay, January 1934. 
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i;i5 


(■.aticin nn.l. alxivp all. paliciico and persistence '^: Smula^ly, aocorclmg (> ^cuii- 

dell-a [cik..l l.y Ilutyra and JIaiek, 1 926 ], “many.more: dogs may bo cured '-J 

ci^iing KiiflU-ient jiai.ituice ami persevereiice tlxaii is commoiily assiimed • • 

ik(>ro[f)rc seamed to tlm present writer tkrt 

treutinmit of follieiilar maugc is not qnite ao; it lias generally jeeiiimn e 

out to ke ami tkat tkere is a gennino field lor more jntensh^ witk some ol ke 

remedies alremly T<-eumm,end(^d. In wkat follows:it:is ; proposed to do no more to 
to 1ak(' stock of ikes(.‘ remedies, witk brief remarks at releyantkpou^^ as to wiiick 
of lliese. remedies in tlm o])iuioii of tktv present writer liolds out tke largest promise ot 


siKieess in tlio l.reatment of .f< 


llicular mange in general and in dogs in particular. 

A perusal of tkc availalde literature skows that tlie treatment of follicular mange 
in dogs, and in otker species of animals, has been attempted along four difierent 

routes, as briefly indicated below. 

. I. Beessings. , 

The majority of tke dressings so far recommended would appear to be of doubt- 
ful value and tkc results obtained by different workers from tke use of one and tke 
same dressing kavc free} uen% been so contradictory .to records it is 

almost impossible to assess its true value as an acaricide. Hutyra and Marek 
[l!i2d]. in dealing witli tke subject of follicular mange collectively (-z.c., without 
referring to tins canine species in })aTticn]ar), list a large number of remedies that 
have been recommeoded from time to time by cli.H'ereiit woikeis. Some of these 
may be n^garded as of r//e/.skmechanical character, being primarily designed to cause 
a io()S(aung of Ihe skin and detachment of the horny plugs in the hair follicles. 
Tims. ojK^ such renuMly reqnir<]S all fresh pustules to be squeezed out and later 
bathed iu a r> per (!ent. solution of liver ol su]}-)lmr, or again, the pusfules maybe 
periodically houented and rublxHl with soap Imiment, .sal icy luted alcohol or salieydic 
(til or a 10 j t !• c{uit. lysol vast.liuinieut, 'jhityra and Marek als<< mentioji ronivian 
balsam and berugen (which Intti'r is pn^somably a modification ol Pi'rnvian b.aksam), 
the fornmr 1 dug mixed willi aleohol before application and the latter u])]jlit;(l in the 
form of an ointment in a strength of 10 to 20 per cent. So far as Ikauivian balsam 
is concerned, it would a;j)pear to have h<^en used with a eonsklerahlo degiiie of success 
by a numbe.r ttf workers, and from these reports it would appear to be om; of tke 
most effective remcdie& so far introduced for the treatment of follicular mange, of 
dogs. The authors also refer to tiro yirejiarations of essential oils, one. consisting of 
caraway oil (ol. carvi and alcoliol fia 10 gm., ol. ricini IRC gm.} and the other of sali- 
cylatod (.>il (1 part salicylie acid dissolved in 30 to 4.0 parts of warm tub), whilst tke 
ointments mentioned bytkem include corrosive sublimate ointment (1 : 100) carbolic 
ointment (I : 10) ; a diluted ointment of pantharides (1 ; C parts of lard) combined 
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witli a I'iath in liver of snlpinr eoiution ; and an ointment made of 20 gm. naptliol, 
0*25 gm. corrosive sublimate and 100 gm. lanoline, applied as a dressing after tbe 
afi'eoted parts bave been batbed in liver of suiphiir solution and then washed several 
times a day with lukewarm cresol emulsion, A somewhat unusual method of treat- 
ment referred to by Hutyra and Marek consists of pressing of pads of carbon bisul- 
phide upon the affected parts after the latter have been prepared properly, this being 
followed by the application of a paste of formalin (formaldehyde 1 to 3, vaseline 60, 
zinc oxide and powdered starch aa 26). Of the comparatively simple remedies, 
Ilutyra and Marek mention the application of oreolin or ichfchyol (with alcohol ua) 
and. bathing in 1 per cent, solution of corrosive sublimate at 37®C. for 8 or 10 
minutes (leaving the head free from the liathing fluid). The application of a lini- 
ment of soap and alcohol aa 100*0 gm. and 0'6 gm. potassium hydroxide is also 
reported to have yielded encouraging results. Finally, they quote Brandi and 
Gmeiner as having found liquor cresolis saponatus most effective, although Ilutyra 
and Marek themselves failed to obtain confirmation o.f these findings. 

Craig [in Wooldridge, 1923], although admitting the futility of measures 
hitherto recommended .for combating follicular mange in dogs, refers to some succes- 
ful results having been obtained in the treatment of this condition from the use of 
autogenous vaccines and also by the hypodermic injection of Nuclein in the propor- 
tion of a minim per 1 lb. body-weight, once a week. Good results are also reported 
to have been obtained with various iodine preparations, such as Tr. lodi applied 
twice a week. Craig quotes Hunting as having recommended a dressing made as 
follows : — 

Creosote, 1 part. 

Liquor Potassae, 2 parts. 

01. Olivae, 14 parLs. 

The above dressing is applied every third or fourth day. Varying degrees of 
success are repotted to have been obtained from tlie daily ap]ilieation, with a rag or 
brush, of a 2|- to 6 per cent, zinc chloride solution in water after the affected parts 
have been washed and dried. The use of a dressing of collodion and iodoform with 
the object of aspihyxiating the parasites, has also been recommended. A daily 
application of the following dressing has also been found beneficial 

01. Garni, 

Alcohol aa 1 part, 

01 Eicini 15 parts, . 

combined with a weekly bath ia a 1 per cent, solution of potassium sulphide, 
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MuIIor an.l Glass (lo.) differontkto tio method of treatment to ^ J _ 

the pnstalar and the squamous forms of lollienlar mange m dogs 

they recommend in particular, Peruvian balsam or vvaim preparation . y 

acid (1 part, of salicylic acid to 40 parts of olive ofl) or styrax (m oil solution^ In 
the squamous form, tliey emi)liasize the desirability of endeavourmg v v 

parasites by systemalio rubbing with aeicl ointmente or strong conoenttatod sahey i 

Ltments (I to 5), and also with soft soap and lye, and after the scabs and scales 

have been romovod, the same treatment as prescribed in the pustular form may e 
applied. Besides, they mention a number of other remedies without, however, 
conmionting «ii iheir actual efficacy for follicular mange. Their list of these reme- 
dies is reproduced below Cerate of oantharides and lard, 1 to C ; tincture of lodim 
and chloroform ; oil of turpentine and chloroform; oleirni potrac and alcohol; 
eiidermol, 1 i er ociit. solution ; zymoidin in tlie form of ointment ; silver nitrate, 

5 per cent, solution ; ichthargen, 30 per cent, solution alternated with iodine 10 ^ per 
cent., and tar 25 per cent., each well rubbed in ; formaline 2 per cent, solution ; 
dermaform, oleoformaldehyde ; creolin and alcohol, equal parts ; liquor creositi 
saponis ; creosote diluted with alcohol or sweet oil ; oil of juniper ; xeroform , 
carbonate of sulphur as a hath and then frequent applications with the powder and 
follo’wed by an ointment, formaline 3*0, vaseline bO'O, oxide of zinc and almond 
powder, each 24*0. 

Aruch [1922] claims to have obtained ‘‘ excellent” results in the treatment of 
demodectio mange in dogs with the following method : .Ihe coat is brushed and 
thoroughly washed daily with tepid water, soap and creolin. In the case of dry 
coat, it is rubbed with cotton w^ool soaked in ether and this is followed by a second 
rubbing with ether containing 1 — 2 per cent, iodine, or 0*25 per cent, thymol, or 
1 pier cent, salicylic acid (but iodine is preferable). When the entire body is affected, 
it is advisable to divide it in 3 to 5 areas for conseciitm treatment. 

Barat [1920] recommends the following formula for tlie treatment of demodectio 
mange in canines ; — 

Carbolic acid, 10 grm. 

Ether, 260 grm. 

Chaulmoogra oil, 750 grm. 

The animals are not washed during treatment. The application is made daffy, 
without friction, for 5 or 6 days and then every 2 or 3 days, until hair begins to 
grow and treated cases are cleaned once a week with caniphorated oil. A period of 
3 to 6 weeks is usually necessary to obtain a cure. 
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Alston [ 1933] reports liaviiig obtained niarlJed ancoeBS with the following 
in(ddi(Mi of tKRdjneiit e,ven in advanoed cases of follicular mange in dogs : --Tiie 
affected animal is washed in home-made lye soap and allowed to dry. It is then 
thoioiighly massaged with a drossiiig made of 

v.''''hard, I part.. . 

..■^.'Sulphur, :l part.' 

Phenol, added to make about 5 per cent, of the mass. 

The massage is repeated once a week until 7 or 8 applications have been given. 
The method would seem to merit trials in this country, in view of the ease with 
which the remedy could he applied by the average dog-owner. 

Ill a recent article, Crane [1933] gives the protocols of 13 dogs, in varions stages 
of infection with follicular mange, treated with a compound containing rotenone 
(the parasiticidal constituent of Derm plants) as its active principle, the formula for 
this compound being as follows 

Eotenone, 1 grm. 

Alcohol, 00 c.o. 

Acetone, 10 c.o. 

Water, 40 c.o. 

The rotenone is dissolved in acetone before adding the alcohol and water fas 
water does not dissolve rotenone and is used merely as a vehicle) and the resulting 
liquid is then stored in bottles which should be shaken before each application. The 
liquid is rubbed in vigorously over the affected parts, the application being made 
daily or three times a week (depending upon the nature and extent of infection). 
The results obtained in the treatment of the 13 dogs mentioned above would appear 
to have been suiprisingly good, for “ in eleven out of the thirteen cases in which it 
was used, rotenone caused an minsually rapid recovery from follicular mange. Tlie 
remaining two cases recovered in tlie time iisiudiy necessary for the standard 
remedies. These cases inchidod several which had not responded to the citrine 
ointment dressing which is the standard treatment in the Small Animal Clinic. It 
has the additional advantages of being entirely non-toxic and not greasy or dirty 
to apply ’k An examination of the actual protocols of these dogs shows that the 
period tak'en to obtain complete recovery ranged from 12 days to about eight weeks 
and that in a few instances, one-half per cent., instead of the one per cent., solution 
ol; rotenone was used. Judged by these results, rotenone would appear to hold out 
tho promiso of success in the treatment of follicular mange of dogs and 

doubtless” ntesits extended trials in this country. 
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S(t*j>Ii(nisoti [{rK>:i] r<HH>inRicnds tlio following procedure for Mic l,r<!Jiiinen.t ^ of 
follicular uiango in small animals (witlioiit, Lowever, maldng any special mention 
cf lh(' ca n nine species) : • 

■‘First. itiak<i a. Tinor{)sc<>pi<i exaniinution of skill scrapings and tlic cont-ciifcs of 

iJie pustll'lfvs.'''’ 

“HeiKuid. (F'a.n well wiili oliloroforni. 

■■ I’liird. giv<‘ inixiid. haeteriu twice weekly. 

‘‘ Fourth, giv{‘, calcium sulphide inteniaily, 

'■ Fifth, was!) once <rr twice w^adfly with crudol jircpa ration (iontaiiiing sidpJiid.es ; 
ill some, (^ases altericiie Vvith (iiuulmoogra oil conipoinul every five days. 

fSixtJi. ap'fily 20 pe.r cent, silver nitrate siilution i.o affected ariuis every 10 days 
until t.hrce treatmeuts luive been given. 

l)f tin; 'jiropriatury re.nuuiies sf.t far intreductal, into tJie field for the treatment of 
foljicuhir .mange in dogs, mention may be :fna<l<‘. of the '[rexuiration “Odyleu"”, 
vvhioii, altliougli elaime.d by its mamifacturiirs (Ifuyer Co., Germany) as being 
eificia cions for all foi'ins of mange, is jtarticnlarly nmomm ended by them .{or use in 
the treatmout of follicular mange of dogs and other animals, liie drug is rubbed 
in well o\'er tlu*, affected 'parts and it is stated that 3 or -f applkaitions of the drug, 
at intiirvals of b to G days, are neees.saTy to obtain a caire. it is further statibd that 
the drug luis been found e.'ctreinoly useful in file treatment of follicnlar mange in 
dogs ” when usiid in c<.)njun(djion with injei.diuns ('subcutaneous, intrainnscrilar or 
intra,V(mon.s) rd ‘‘ Aricyl wdiioli. too, is a product of tlie. same firm, 

tSonu? '.mention may Ixi made of the dressings that, ha.ve been used with varying 
(iegrciss of sueiifiss in the tireatment of folHc'nla.r mange in animals other than the 
dtsg. for some of fhese may bo found suitable for the canine species as well. 

lloiinos [l.d2Gj .recommends a c.ombination of ('adcium siiljihide and horse fat for 
tlie use in the treakiumt of follicular mango in the horse, tlic calcium suljiliide being 
made as follows: — 2{ lb. of sulplmr and 1 ib. of (pdcklime are mixed togcfiier dry 
m. a larg<; biuh'et and hot water is gradually added, until tlie mixture is reduced to 
an. even -paste. The contents are then made u']> to 2 gallons with more water and 
boiled for about 3> lioms until a reddish-brown solution is formed ; this is then made 
up again to 2 gallons with water. One gallon calcium sulphide solution. 2 gallons 
water and. 2 gallons horse fat are now well mixed together and applied over the 
affected parts, the comx)ound being maintained at a temperature of IGO'df. during 
the proc.ess of a,pplioation. 
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Kaj>pel [192n] reports liaviiig cured a case of deinodcotic inaugo iti slice]) by the 
repeated applications of equal parts of Sapoformol and water, altliougli linimont 
of sulphur, crcolino and oil (1:1:0) had no o.(1;eob in this case . 


U. Fumigation. 

The possihilitics of fumigation as a method of oombating follicular mange <lo 
not appear to have been explored to the same extent as it has been done in the case 
of other forms of mange, notably in the case of scabies of the horse, where the 
method has been declared as reliable, quickly effective, even on horses that arc so 
far scahby that attempts at treatment are useless” [Hiibyra and Marek, 1926]. 
While it is true that gas treatment can hardly be regarded as holding out much 
promise of success in affecting the parasites, imbedded as they are in the deeper 
layers of the skin, nevertheless, Uebele [cited by Hutyra and ^Marek, 1926] reports 
having obtained “ surprisingly good results ” after the administration of ozone 
which was directed to the affected parts through a tube from an ozone apparatus, 
although the animal manifested great pain. 



III. Drug INJECTIONS. 

Kicolas [cited by Hutyra and Marek, 1926] recommends the injection of a 2 to 
2|- per cent, carbolic aoid solution into the depths of the skin (not under the skin), 
both in the afieoted parts and in the neighbourhood, the efficacy of this method 
of treatment being endorsed by Hutyra and Marek themselves and also by Oraig 
(l,G.). It is of interest that Hardoiibergh and Schlotthauer [1925] claim to have 
effected ouro in a goat attacked with the pustular form of follicular mange by open- 
ing the nodules, emptying and destroying the contents and injecting into them a 
few drops of 10 per cent, carbolic acid and painting the immediate area with iodine. 
“ The treatment was thoroughly carried out. About three weeks later only the 
remnants of two or throe nodules could be found. Healing had taken place so that 
the previous site of the nodules could not he found 


IV, Eadiant therapy. 

A form of treatment against follicular mange which has now come to be 
regarded with much favour is the so-called “ Eadiant Therapy ”. Motas would 
appear to have been one of the earliest to use Eoentgen rays with success in the 
treatment of this condition, but Eoussel found the method ineffective [Hutyra and 
Maxek, 1926]. However, the most convincing proof of the efficacy of this method 
of treatment is afforded by the results of an intensive series of experiments carried 
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ou), l.y Maioua an,l Pi«™n [1926], According to these autliora. tlie bosh™^^^^ 

,.ta-violet therapy are obtained at a 

candle power, the animal conoerned bei g • , i, i. ti »„,w Tina i thrco- 

dtoe «£ 20 cm. As pointed by them, the 

lold advantage: (1) Like all baths in genera ( niui 8^ _ would bo 

bath most certainly touches all the afteotod parts, contrary ‘ ...ifl.ati™ 

possible with any form of manual treatment (e.ff., 

etc.); (2) ease of application; (3) absolute curative value, when ^ 

treatment are rigorously followed (the authors touted ^ A 

method and cure was obtained in every case). ’ f ® 

mention three outstanding disadvantages of the method: <1 
being burnt when the patient is “ irradiated " at a distance of less than • 

when exposed to radiation for more than 60 minutes or when the a^al “ 

liappeiis to be a sensitive one (with a thin or insufficiently pigmented skin) , (i) 
head, because of the eyes, does not admit of being -irradiated and one 
fore obliged to treat it apart by means of other remedies; (3) compared with 

other methods, radiant therapy is somewhat expensive. 

In two recent articles, Hardenbergh and Sheard [1927, _ 1928] have published 
some observations upon the effects of ultra-violet and mfra-red radiation on 
Demjdex follkiilonm in the dog. The observations, however, were mostly made 
upon the parasites w w/ro and only a very small number of cases ww, their 
main conclusions in regard to the actual efficacy of the treatment being as fo ows . 
“ The daily radiation of an animal affected with demodectic mange for from 15 to 

4,5 minutes with an air-cooled quartz-mercury are lamp, operated at 90 volts at a 

distance of 60 cm,, apparently maintains the general physical tone of the whole 
ahimal at a higher level and thereby aids in combating the untoward conditions 
set up in the host by the invading parasites 'h The authors regard it as possible 

is more susceptible to heat (infra-red) than to other forms 
of radiant therapy and that the benefits of this method of treatment are not due to 
any specific lethal effects on the parasites, imbedded as they are in the deeper layers 
of the skin, but to its stimulating action which causes a general improvement in the 
condition of the animal and thereby enables it to overcome the effects of the 
invading parasites. Gn the other hand, Marotel and Pierron (i.c.) describe the 
effects of ultra-violet phototherapy as follows; “After the first radiations, the 
skin tumefies and sweats (“ suinte ’'‘) at the level of the pustules which then heconcio 
powdered (“ saupoudres ’) over with tannin and this latter gets dissolved in the 
exudate, thus forming an aoaricidal and astringent solution. At the end of the fifth 
day, the pimples disappear and the sweating commences to dry up and desquamate, 
and at the end of a fortnight, it attains a condition of simple dermatitis which 

a 2 
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follows its normal course. It is notewortliy that, according to Pattou [in2(V|, 
the areas to he “irradiated/” should he “ free from scurf, excretions, dirt, grease and 
so forth ”, and it is therefore possible that a lack of proper attention to this detail 
may have hceii responsible in the past for a proportion of the failures to obtain 
satisfactory results with radiant therapy. 

Quite recently, Bannerjee [1933] in India has claimed to have obtained “ most 
encouraging results ” in the treatment of follicular mange in dogs by exposure to 
ultra-violet rays. The apparatus used by this worker was a mercury quartz lamp 
(“ Hanovia ”), the animal concerned being “ irradiated ” daily for five or more 
minutes on each side of the body at a distance of about 3 feet. The protocol of 
only one dog, however, is given and in this case the treatment comprised three 
courses, the first consisting of eighteen exposures and the second and third each of 
seven exposures, but skin scrapings continued to reveal the parasites until the com- 
mencement of the third course of treatment, ConcuiTeiitly with the ray treatment, 
the animal was periodically subjected to V Pot. sulphate baths ” combined with a 
skin dressing. 

Eemoval of the affected parts, in cases of circumsorihed infection, has been 
recommended by Both (cited by Bntyia and Marek, L c.), the method consisting in 
cutting the epidermal layer until drops of blood appear, the animal being anaesthe- 
tised. 
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& THE DATA OF MILK YIELDS OF VARIOUS TYPES 
CLE OBTAINED FROM THE RECORDS OF THE . 
NMENT MILITARY DAIRY FARMS. 

PABT II. PERSISTEROY OF LAOTATIOF AND ITS RELATION TO AGE 
AND LEVEL OF FRODUGTION. 

K. P. R. KARTHA, B.A., 

Stailsiiml Assiskml, AnimaJ Embcmdry Burem, Imperial Council ©/ Agnmlluml 

'Research. 

(Eeceived for pxitHcation on llie 6tli Apvil 1934 ) 

("With sir text’figures.) 

In part I* of this paper the milk records of herds of Indian and Cross-bred cows 
and buffaloes were analysed and it was shown that the milk yield may be expressed 
as a function of the two characters, namely, the initial rate of yield and the rate 
at which it declines. This rate of declines was used as a meastire of persistency, 
(by which term is meant the degree to wLich the level of yield is maintamed), the 
animal that declines most being the least persistent mA nm wrsa. It is commonly 
known that the rate of decline varies with breed and with individuals in the same 
breed; it is affected by age, level of prodnetion, pregnancy, state of imtrition and 
other environmental factors ; it is also affected by heredity. The rate of decline is 
thns subject to the same variations as milk yield or fat yield, and has to be studied 
as a separate character. In order to do this it is necessary to evolve a value of the 
rate of decline for each lactation ; then alone can one find out the range within 
which this value varies in the several breeds, what its standard deviation is and how 
far it is inffuenced bj?- the various factors enumerated above. In the following 
pages a preliminary attempt is made to measure the effect of age and level of pro- 
duction on the rate of decline, the study being based on a total of 812 lactations 
for each of which a value of the rate of decline was found out. The influence of 
pregnancy will be considered in a later section. 
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ita of monliily yields liad already boea collected foi tlie study reported in 


nar}' Haluwfds. ^lie equation made use of to describe tbe lactation curve is oi tlie 
same form, as used in Part I, but the method of determining tbe coustants (rate of 
yieh.l and rate of decline) is slightly different, as the method employed there, though 
more accurate, is too laborious to he applied when hundreds of lactations are 
involved. The method is known as the method of averages, and an example of 
working is given in the Appendix, 

The values of rates of decline are classified and given in Table 1 for the four 


>s-i* +a.r-?.y/a.s- 7x-rns-tss8f^ 

Rate of decline per 434*4 lb. of milk per month. 


fjg, ], Frequency difitribution of the valnes of rate of dceline. (Croeg-liirfl cows.) 


wiSiff 
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Table I, 


Distrihuiion of persistmwy mhtes 


milk per month 


Pedigree 

Sixhhval 


Ordinary 

Saliiwai 
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. Table II.. ...... 

■ ■ ■ . ■ . ■■■: I 

Meam. .standard demafions and oo-effioieuLs of variations of ^'persistency, initial rate, 
of yield and age in the, various breeds. 


ibcrd 


Iliitc of decline'- 
]>er month 
per lot) Jb. milk 


Rato of yield per luontb'''' 
at maxiiumn (i.t’.. at ojio 
month after calvin,g) 

M'can agp 
(ill liiola- 
limiM.) 

No. of 
records 
averaged 

, Mean 

Standard 

devia- 

tion 

Go-effi ■ 
eients of 
variations 

■Mean 

■ 

■ 1 

Co-effi- 
cients of 
variations 

Oroffl-bred etnvs . 

.^44 

9-210 

3-960 

i 43-0 

974-70 

357-1 

36-63 

5-02 

];*edigree Sahiwal . 

113 

S-624 

5-07 

58-84 

740-264 

232-26 

31-4 

5*39 

Oitlinary tSahiwal . 


^ 11-7215 

S-77 

49-23 

304-953 

148-1 

29-3 

5-03 

.Buffaloes . . 

244 

9-733 

4-1 19 

42-32 

6-21-31 

165-9 

26-7 

4*59 


means and standard deviatioas are entered in Table II. Figure I shows tliat over 
00 per cent, of the observations are scattered round the mean witMn the range 
indicated by the standard deviation. As was already noticed in Tart I the 
specially bred pedigree SaMwal at Ferozepore is the most persistent and the I; 

ordinary SahiFal coy is the least persistent, The cross-hred and the buffalo are j; 

more or less on the same leyei. From the figures of coefficients of variation it « 

would appear that the pedigree Sahiwals are most 

Table II eontams also the rates of yield per month at maximum (which is yield 
per month at one month after calving). The cross-hred cow is the highest and is 
above the ]?eroj!epore lierd by 4- to 5 lbs. a day at their maximum/ though a good 
deal of tlds difference is made up in the course of a lactation on account of their 
Mgheiy persistency. The seen to be a distinctly better type of dairy 

animal than the ordinary Indian cow. Her rate of yield and persistency are Imtli 
higher than that of the ordinary SaMwal. 

Relation oi? peesistency to level op peoduotion. 


The strength of relationship bet^^ factors is measured by the coefficient 
of correlation between them / and this coefficient can he calculated by well loiown 
medhods/ The value of this coefficient wmild lie between the limits 0 and 1 0 

indicating absence of, and 1 indicating perfect relationship. 

The hvd of production is indicated by tlie initial rate of yield. Tables IT! to 
Vi sliow^the oorrelMion between the initial rate of yield and the rate of decline. 


* Tho slight differences noticed between these values and those recorded on, i)a<re 47 of P‘7T‘f- 
ho accoimtcd for by (1) tho differmoe in the incthod of determination of the values .and fiio 
in imjHilation. ‘ ' 
























































































Yield per day ia lb. at one laontb after calving 
Glass mid -points 


RafiH of decline 
per montli per 
434-3 lb of milk 


(jl ass mid -point 


2-5 7*5 12-6 17-S 22-6 27*6 32-6 37*5 42-6 


2-0 32*6 


Mean rate of yield 
„ ,, deeline 


. 2 0-4 38 iJ). per day. Standard deviation of yield 

. 37-4r}fir) lb. per montli per „ clecliu® 

434*3 lb. milk. 

Co efBcient o£ correlation 


Total 
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Table IV. 

Coffekttimi surface sJimdng the relaUon of rate of declme to rate of yield . {Dalor 

pedigree SaJiiwat cows.) 
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Table ’V. 

OondMim mirfmie ahomng tAe rehtion of Bate of dedhe to Buie of yieU. 
i^ttMwalmws, Ordimry). 


Rate of (Jeulino 
per montli per 
434*3 11). of luilk 


Yield per mouth in 100 lb units at one month after 
camug. Class imd-point. 


Moan of each eolnnin 25*16 


Mean rate of yield 
»» » deelino 


604*956 lb, per month. i j 
50-92 per 

434*3 Ib. milk. I 

Co-effieient o£ correlation 


Standard deviation of yield . 14*06 lb. 
’» w decline . 26*065 lb, 


3 

4 

4*5 

5*6 
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Table VI, 


orrelaiion surface shewing the f elation of rate of decline to rate of yield. 
{Data aloes]. 


Bate of yield per montli in 1001b. nnits at one inontli after ealying, 
Clatt mid-point. 


Alean of each column 


Mean rate of yield per trionth 
,f „ decline „ 


Standard deviation of yield . 165'0 lb. 

.» „ 'decline . 17'80 lb. 


42-2? Ib. per 4S4-8 lb, milk, 
Co-ofRoiont of correlation 


8 

,9 

10 

11 

13 

S'i) 1 

0-6 

10-5 

11-6 

12‘5 














































TdE INDIA.V JOLTR.NfAL OF VfJrifilUNrAHY SOlIiNCE A 

0(>n.vcfn'(iiKH) of mferoiioe tlic oooffioient of (‘,orrcl; 
fe, as also Muj means and standard deviations of tlie 
Dliinms corrosponding to (iacli yielti gj’onp are enterec 
io moans for 'i;a))ie ill are plotted in Figure 2. TJl 


lift iSTa m life /if« iTft jtita 


iiato ol jaeld at one month after calvin^r, fn. H). 
Kg. 2. R,l,ti»u of rate of declioo to rate of yield ,t .nosimum. 

but they Show a definite toudenoy to rise as the Wei of , 

est value for the variation in the rate of decline with I 

production is caloidated from the data and the thick lii 

it that the lino outs through the dati 

whiVr** * (»•«• between abov 

which represent the most usual range of values of yield, Bey 

o BcrvatxoM are scanty and the means are not roliaHc. The i 
a.^e for the different breeds with increase in the level of pi 
ea lor a-11 breeds and are entered in TaWA Vtt . 
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Taijle YII. 

Moiorng the mteqf dedme pef 100 Ihs. milh at diffawit lemls of pmluciion. 


Loir! (»f ]n*fKJu(Tinu 

Rato of dnoliuo por nioutU po.r 100 Ibn. milk 

jirld. Jior moalh 
' ill, masjjiuua 

Cross-bred 

Pedigree 

Ordinary 

Jbiffalnos 

lbs. 

eows 

Sahiwal 

iSaliiwiii 

im ' . 

5-201 

8*271 

5*977 

5*043 

2iH} . . « • 

6-795 

5*839 

7*595 

0*512 

:];.o .... 

6*329 


9*213 

7*381 

4(iO' . ■ . 

{>•803 

6*978 

10*831 

8*250 

550 « . . « 

7*397 

7*543 

12*449 

9*119 

■ 650 . • • « 

7*931 


14*007 

9*988 

750 , ... 

8*405 


15*685 

10*857 

850 .... 


9*247 

17*303 

11*726 

9S0 . . ... 

9*533 


18*921 

12*595 

1050 . ... 



20*539 

13*464 

1160 .... 

10*001 

1 0*951 

2*3*167 ‘ 

14*333 

1260 .... 

11*138 


23*775 

15*203 

ior.o .... 

lliiMi 

12*087 

' ■ 


HAo . . , . 

12*203 

12*055 

■ ' 


1550 ' 

12*737 

i 3*223 



1050 .... 


13*791 



nr.o .... 

13*805 

14*359 

■ 


1850 .... 

14*339 




1950 .... 

14*873 


e o' 



per 100 11). for eacii 100 Ib. rise in tlie level of production is 

'534 ill tlie ca,se of the cross-bred. 

*568 „ pedigree Sahiwal. 

r6i8 ordinary Bahiwal. 

‘869 buffaloes, 

This shows that the higher the level of production the hiSS the variation in the 
rate of decline per unit of production. It is interesting to notice that the figures 
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t Biolo Cl loss tli(3 same for tlie ptH'ligreo Saliiwal and the cross W 7 i- • 
ml uim,a.ni,aWo to prophesy that «,o pcli^rco Sahi™! would h^,' 'h„ ''“‘f ! ' 

h-glmr persist, ,Hoy when hor Icwol 0 / production coin t] ,T ,f ’’’"f""" 
4 i,e cross-1, rod also wonhl have shown the sLm porsistem’y ,s !' 
r .or production level had »ot ln,eu l.igher. as willho'^e;;, 

tit'irc tnd tt "rr 

N.,rthe.-n Ciiolo which show an avemRo initkl rnto^tlrd of tTh’’™'' 

<''■ mte of decline of 8*74 pc 3 r 1 00 11). ' ‘ ^ ^ ’’ 

Jdble Ml valiiaLle when persistency is made iise of ‘i« +7 i • i 

and management arc adeqnate or Lt. itw ^ ^ 

«ino arc promotions at pcoi „/ W,V* and nm af'Iry Z" ZT ‘'n 
in yield to he eypeeted in the Oth'nn.nih is tZ'"' 

..t which level the m ;r;t,: To ">■ 

end find out the rate of decline corres^St; to Ts LT “* 

correlation between the three pairs of 

yield. lWtencyandrateofyiel/haeCr::L^^^ ^TtlThS 

Table Vm. 

and Age. ./ 


-i-vrvBij .MW..fli'rff>ww»w«os«caW?W 

Brci'd 

Go-cllicicnt of corrolatioi) befctr 

Biito of (leeliuc 
and 

rjito of yield 

Kate (.)f decline 
and age 

Cross-bred eon's 

■Ptxiigreo Sahhv*al 

0-48I7 

0*2598 

0*27152 

0*3595 

Ordiuarj' Sahiwal 

Buffaloes . 

0*4153 

0*2204 


0*3499 

0*1500 



tnwiiiiiwiiBiitfmiiiiiii 





. > M , '>'■■■' 


3n in pedigree 





136 the IKDIAN JOUBNAL OF veterinary SCIENCE AND ANIMAL HUSBANDRY 


Broken lines sliow rate of decline, continnons line shows yield, 


Age in lactation. 

Relation between age and rate of deeline, atid age and level of production in ordinary 
Sahiwal coWs. 


Age lactation. 

Fig, in {d). Relation between age and rate of decline, and age and level of j)roduction in buffaloes. 
Broken lines show rate of decline, and’eontinuous line, yield. 
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They arc found to be very irregular and tiio relationsbip is by no means linear. 
Idle outstanding feature of tlicse graphs is the marhed rise, in all breeds except the 
pedigree Sahiwal, from the first to the second lactation showing that heifers are 

definitely more persistent than older cows. From the second to the third lactation 

the rise is les.s marked, and thereafter the curves, though very iiTegular, generally 

tcmd to be flat. continuous line shows the mean initial rates of yield in the 

various age groups, and it is interesting to observe that the irregularities in the 

two are in the same direction, a fall in the rate of yield being followed by a fall 

in ih(‘ ridio of decline, and mce tersa. This suggests the explanation that persis- 
tency is not infliieiiGed by age, but only by the level of production* The marked 
rise froin the first to tlie second lactation in the rate of decline is probably due 
to the initial lUKleveloped oondh^^ of the udder, on account of which the 
heifer start s with a low yield, hut, as her udder is gradually developing, her milking 
capacity also increases gradually, and this increase masks a portion of the decline 
in milk yield. Her persistency, therefore, appears to be high. 

Table IX shows the partial correlations between the variables, that is the net 
correlation between two of the variables when the third is eliminated. When the 


Table J,X. 

(J»~e{jlcimts of partial correlation Between any two of the .variables::, rate of (hcUm, 
rate of yield, anrl age, when the t^^^ 


Breed', 

Co-efficient of partial corrolatfou. 

Rate of d{iieline 
and 

rate of yield 

Rate of decline 
and ago 

Ageand, ', 
rate of yield 

0,ross-bmi coirs ' ' ■ . 

■' *4615' 

*1789 

*0635 

Podigree SaMwal cows ' 

■■•2543''' 

•35.58 

*0327 

Orfinary SaMwa! cows 

■ TISoO, 

,'*1435"' 

•140G 

B'affaJoes ^ . 

♦3347.," '■ 

■ '■•1050V''', ■ 

•1070 


effect of the level of production is eliminated the correlation between age and persist- 
ency bec(mi(\s didinitely iusignilic.ant'. 'rhe p(*dlgri'e Sahiwai is an. exception to this 
geu(‘ralis:!.ti(tu--(lje ralnef d(‘clin(‘ aetu;dly (lecreascs from the first te the third 
luctaiioii llioiigli (lie ra,(t‘ ef ideld is iucns'ising. But tm sittiHfae.tory explanation 
ceulii 1)0 ollered for tliis dejtarture. The iiumbt'r <»l." observations in each greu]) 
are no doubt very small but so is the case, in the ordiiiaiy flaliiv al wheio the rate 
of yield and the rate of decline are found to follov’' the same trend. 
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8UMMA.Ry AND OONCLUSION'. 

V''y,lu(‘ri of i‘;itc of iloolino are fouiicl for 812 la{*,tal'ions of ilie cross-breil cow, (be 
}>e(iij,^rec Saliiual tJie ortliiiaiy !8alihval ami tlio buifalo. The valiu!s arc found 
lo lie within a range of 1 to 2D per cent, decline per inonih. The average rate of 
decline varioii from 8*(i ])er cent, in the case of the pc<ligree Saliiwal to IJ’7 per 
cent, in the <!aso of the ordinary Saliiwal. The (O'osis-lireil and the InilMo show 
Ji*2 per cent, and h’7 ]jer cent, respectively. 

Tile rate of deiilino is found to iuui'ease with rise in the level of pruducth»n. 
Tallies are gis'eii showing the pereeiitagi; monthly decline to be cxpeetcd at vaj'ious 
levels of production in the diilcrent breetls. 

The rale of docHne is found to iiici’ease dehnitely from the first to tlic sceund 
lactation. From the second to the third the iiun'ease is less marked, and tlnwe- 
after the curves tend to he flat. Beyond this no delinitc age — persistency relation 
is iudicated. The mean })Gi’sisteneics for each age group, though irregular, follow 
the mean rate.s of yhdd for the same grouj) very (dosely, indicating that persist- 
ency is influenced more by level of produetioii iluiii by age. 

RJSE]®EN01i8, 

Associates of ltog<>rM ( I S)*3S; — Fundarnental.s of Dairy Science. 

John W. Clo wen (1924) Milk Secretion. 

(also those cited in Part 1). 


APPENDIX L 

DETERMINATION OF THE UfAXlMlTM RATE OF YIELD AND THE RATE 
OF DECLINE BY THE METHOD OP AYERAOES. 

The example below illustrates the method of working when the number of 
observations is 10. When the metliod of averages is em^doyed it would be more 
convenient and simple if an even number of observations is cliosen. In all cases 
the observations are divided into two equal halves as shown. These are added 
up and the difference of the totals is found (total of second half is always sub* 
tracted from total of first half). In tlio case of 10 observations this difference has 
to be divided by 25 X '4313 to obtain tlie rate of decline per lb. per moiitli. 

With 8 observations the divisor is 10 X ‘4343 and with six the divisor is 
9 X *4343. These are the cases ordinarily met wdth. But generally with n 
observations the divisor would be 3i‘^/4 X ‘4343, whore n is an even integer. 

To find maximum .'—When the number of obseiwuitions is 10 (see example 
below) 10/25 of the difference has to be added to total of first half. 1/5 of the 
sum gives the log of maximum. 

With 8 and 6 observations 6/16 and 3/9 respectively of the difference should 
he added to total of first column and the sum divided by 4 and 3 respectively 
to obtain log of maximum. 
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PEESm'ENCy AND iTH RELATION TO AGE AND LEVEL OF PRODUCTION 

„"lXAMPLE.^ 

DeMr-mmaMon of rate of deeline bi/ the MeMod oj adferages 


Time 

muiliitig 

muxiiumii 

Vi eld in 
lbs. per 
mifuth 

Logarithm of 
yi(4dH 

First half 

Second half 

(i. 

1,272 

. 3-1045 , 

3-i046 

2-9600 

1. , 

■■,''■1,135' 

3-0560 

.‘1-0660 

, . .2,-0320 , 

2* 

'933 

2-9699 

2-0099 

2-8730 


911 

2-9595 

2-9696 

2-8470 ' 

C ■ 

922 , ' . 

912 ' ■ . 

2-9047 

2'9600 

! 2-9047 . 

15-0630 , 

2*7868 

14-3097 (Totals.) 

7, 

t'65 

748 

2-8730 



■ S.' ' 

703 

2-8470 . 



9. 

612 

' 2-7808 ■,,; 





Difference (First haIf““Bepnnd half j ^ -0539 



n : ■ 

divided by 25 

•02610 



O' 

,, ^ „,an<i'. 





by -4343 

•0602- The 



rate of decline per lb. per monl ii. 



Bilfemice ' ' , ' -'0539. 

10/25 of Oifferenee . . . --- •*201(5 

Adding to total of first half •- lO'On.'iO -i- '201(1 

- 15'9I52 

Divided by r»^“ 3'0(530- •'•This is (he loga- 
rithm of the 
maximum. 

The jnaxininm ia • 1150. 

APPENDIX IT. 

TaliloB of Correlations ; — 

(a) Brd.\vo(vn Ape and Pfrftislency. 

{h) Between Ape and Lerel of Production 



Age In lactations 


3iean of each 

Column 31*4 





























































CMR^IHTEMOY ANi> rus ERLATION; to age and level OE PRODUdWON 

Table 11.' ■ 

oMmi smjam simmng the rdaUm of rale o] dedme io age, (Pato 

SaJdwal.) 


Ago in lactations 
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c urrelation snrjMe nUiowinf^ the rdaiion. of rate of decline to mjr, ( /Mtu 

Sahmal coios.) 


Kata of 
(leeliHe 
jx^r 434-3 
Ib. DiiJk 


Age in iaetations 


Mean age , , 

Jieaii I'ate of deejine 


Sfcsndard deviation 
Standard deviation 


Coefficient of correlation 
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Table V. 

Correhtkm miff me slmwmj the relation of mle of yield to aye. {Data ’.--Gross-bred 

cows.) 


of 

TieM ia 
100 lb. 
imit 


ao 

61 

39 

SO 

812 

942 

999 

976 


Mean age . 

5*06686 

Standard deviation 

Moan rate of yield per 
maximum 

month at 

. 974*70 lb. 

Standard deviation 


CoefHciont of correlation 

. . ‘1674 
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j»I'’JiSiS'ri'VN{n'' AND iTB R1-]LATT0N TD A(.iT‘l AND L75VHL OF }?R 01 )U 0 TrON 14:5 

TaVAA‘] YL 

a<mrUa‘ni)t ourfucn shhrliHf {ho ninimn oj rale of fjield lo ca/e. {J.kila -Valnjfee 

Sdhi'wal.) 


Age in lacfaitinns 


:8-6 27-5 20*5 26-5 26-9 27-5 27-S 25-6 27-0 


71)3 TTO 779 


Mean Rg(i n-SArti Standard deviation . 

IlPiiii rate of yield per day at maxinniin . 26-438 lb. Standard deviation 

{.'oeirieieut of correlation , . ‘ofiSi) 


. 8-295 lb. 
























































PEEoifcITENCY AND ITW KELATION 


TO AGE AMD LEVEL OE PSGDUGTION M7 


Table ¥III, 


a>rM>(fi.oii siwiritnj iftc rchliou qf faf£ qf yieU p aye. {Data- Bttff aloes X 


A«o in lautations 


4 r.(f 


(i‘10 


610 


6H) 




6 :-n 


yiftil I'f'r 
jni'Mith Ih. . 


Mean <)1 «<;(> ..... I'Tifili! HtaiKiarcl deviation 

Moan raft' of yield per innntli at max. . 021 -3 1 lb. Standard deviation 

Coefficient of correlation , . , , 


2-601 

. 165-0 lb. 



































ON THE OCCUREEKCE OF SCHISTOSOMA JAFONIGVM 
KATSURADA IN INDIA. 


iiiilSiliiil;® 




G. D. BHALERAO, M.So., 

HdmvnlliQlog^st, Im'jperiat Institute of Veterinary BesearcJi, BIuMcsar. 

(Received for publication on the lOtli April 1984.) 

I Witirone text-figure.) 

Througli the courtesy oi Dr. D. A. Maplestone an op] 3 Grtunity was afforded to 
examine some sclifetosomes obtained from tlie inteetine of a pig in Calcutta. Only 
about balf a dozen male specimens in poor state of preservation were received and 
these were studied in toto preparations only. No female was rejiresented in tlie 
Golleotioii. 

Tlio male worms measure 5’65--G'G2* in length and tlieir maximum tbickness 
varies from 0'183 to 0*258. The cuticle of the body is entirely covered with 
tubercles of moderate size bearing a varying niiml)er of minute spines on their 
summit. The number of the spines on these tubercles vary from 1 to 8, indicating 
that they are easily lost during mampmlation. It was not unusual to find some of 
the tubercles entirely bereft of the spines. In addition to these tubercles the ventral 

surface of the body is covered with minute spines. 

The siibterminal oral sncber measures 0*147— 0*167x0*137— 0*153. The pedun- 
culated ventral sucker is 0*16 — 0*167 in diameter and 0*053—0*06 in thickness. 
Both the suckers are covered with minute spines and the distance between them is 
0 263—0 293. The funnel-shaped mouth leads into the oesophagus ineasuring 0*31 — 
0 32 in length. The intestinal caeca unite at a poiiit somewhere between one-fourth 
and one-third of the body length from the }')Osterior extremity.'”. The common 
intestinal cascum terminates at about 0*132 from the posterior end of the body. 

The testes are se^-en in number and measure 0*052—0*1 X0*052- -0*094. They 
extend posteriori} for a short distance from the commencement of the gynaecophoric 
canal. When obsen^ed laterally under high magnification five of them, vk., the 
first, third, fiftli, si^vih and the '^o^’cnlh appear at one lov(d and the remaining two, 

the see.ond and i]w (onrili a[.pear to be situalcd at a slightly different level. 
The vesicula seminahs appears to be an oblong sae. measuring 0*047- 0*i!5x 0*021 
- -0*033 and opens to the exterior by a short canal. 

* All aaeasurciiients iiiininiine(ors!l 


' - •■■■■ 
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ScUstosoma jajtomcum katsurada in inbia 


lLa,tcva>l'vievr of Schistosoma ja^ionicum. 

Altlioiigli, tlie scliistosoine group on account of its extreme economic important, t* 
lias evoked in recent years considerable interest and lias been an object of investiga- 
tion at several places in tbis country the occurrence of an adult 
oum has not. up to the nunncnt, been recorded Iromany luKst in India. It Is, liow- 
i‘V(>,r, very signilieant to note in this connection tliiit Se.nidl [lidd] destoificd 
eercaria resembling in almost all the. details tluit of >S'. jirpamtuitu, from the tnolliiscs 
fml<q)ki'n<>rbis fO’a.v///.v De.sh. and Llmrum amj/fidalum Trosclic! In (Juhuiita. The 
diherences between Ihis eercaria and that of S. jufonienm were, to quote >Se\vt‘li 
“ V’‘ery slightly smaller as regards body and a trifle longer in the tail, but owing to 
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file (iegiue of (joiitrcUifilulity ]>()fisessoil by f.lie aJiiiual tliesii diilerences arc of a slight 
ciuiracter as to be negligible,’' ■' The (liiTercutiiition (»f the ecyhalic gland cells into 
coarseiy-graiiular arid liuelv-granular (tells is a. pliysiologie.nl I’ather than a niorpholo- 
Ldcal diircrenc(!.’'' HeweU further remarks that tlic final lest, of tlu' iihtutit.y of this 


form with tli.at of Sckltflomm jiqHwieimi lies in the sinu]a..ri.ty or otiierwisi; of the, 
adults ’h Tin? prestmt form from the pig was fouial on careful e\'anii.natiun to 
resemble in almost all the rt‘S]H;cts aV. juponuuint T)arti(tida.rly in respect of the 
alimentary eanal and the uuin.l)er of testes whicli in all ca.'es were typically seven. 
The. only points of diihtrenee were the smaller size of the, worms and the tidtci’e.ulate 
naturu of tlndr eiiticle. To tint question of tin', difIcrcJHic of diiiKnisioiis iiiiuth 
imjjortanee oaiinot be attached, depondent as it is on several factors such as the. 
conlTaotion, age of the worms, etc. In regard to the tubereulate iiatiire of the 
cuticle my recent studies on this group of worm [BJialerao, 1932], liave shown that 
this feature has not much significance, variable as it is within the limits of the same 
spe.cies. Althouglv some workers such as Montgomery [1906], Ihice [1920] and. 
Brumpt [1931] have regarded this feature as of iniportance in differeatiatiug one 
B]}ecies of schistosome from the other, my previous studies on aS'. .vp-bn/n/is- and 
Qrnithohillharzm turhenkmimm have mdicated conclusiv(ily that this feature is nut 
constant even within the range of tlie same spem The present example only 
forms an additional support to the conclusion that I luid prirviously reached in this 
connection. In conclusion it may be remarked that both these diHerciices merge 
into insignificance in so far as the specific identity of the }>arasite is coneeriied and 
for this reason it is considered that the s])e.cimejis from the pig in Calcntta are B, 
japiwicmn. Considered from the view point of geogra,phioal distriliutiou it is quite 
appro])riato to expect the ocourrenoc of this liiike in India as it occurs in the adjoin- 
ing countries in the, eastern zone of the Asiatic continent, viz.; China, Japan, 
Formosa and Fhillipines aud Africa in the west. 




In the end one can not fail to appreciate the fact tiiat both the oerdaria and the 
adult have hcen recorded from the same locality, viz.. Calcutta^ One can, moreover, 
correlate the smaller size of the body of the cercaria with the smaller size of the 
arhilt worms (iumpared with the larger size of the C(U‘caria and adult of a typical 
S. jtipoinc'am. It is more than tluj scope of tlie present comniimication to correlate 
the tuherculatc nature, of the e.utiele- ivitli any structure in tlic larval organization. 

One fact, however, seems to bo apparent that altliough specilhadly the struc- 
ture and the organisation of the adult and cercaria of BcMsiomma japovionm are the 
same as those of the adult schistosome of pigs in India and their supposed cercaria 
from Indoplanovhis e:mMm and Limnma amygdalnm. the differences of the size and 
the natnre of the cuticle are sufficient to distinguish one variety of the species from 
the other, but the writer is not in favour of creating several varieties within the 



Scliistosoma jafonicum eatsxjrada in India 

rily adds to tke woiries of a sy 
as tlie parasitic worms. In all s 
irable procedure to record different variations occurring n 
tlier than to multiply several varieties for various deviations 

occasions in tli 


limits of the same species, 
in such a complicated and a 
it is a more desi 
same species ra 

The writer had adopted this procedure even on previous 
OrnilJiohilhania t.m‘heslmncum and Sahistosoma spindahs. 

It is rather surprising in the end to notice that in spit 
S. jufoirieum in pigs there exists up to the present rnoment : 
of this fluke in human beings in this country. It is, how< 
investigation will reveal the presence ol; this parasite also in 
porcine parasites which are common to human beings. 
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THE DIGESTION AND UTILISATION OE CEDDE EIBIIB. 

BY ■ ■ 

PEOFISSGE EENST MANGOLD, M.D., Ri.D., 

Ivditute of Animal PhjBwhgy, Golhge of AgricMfure, Berlin, 

(Tlepriatefl A%^n^ww awrf ¥oimue 3, No. S, Jannary 19B4.) 

Crude fibre may be defined as tlie sum of all those organic components of the 
plant cell membrane and supporting structures wbicli in chemical analysis of plant 
food-stufis remain after removal of crude protein, crude fat and N-free extractives. 
The definition of crude fibre set up> by Ilennebcrg and Stobraann (44) is a conven- 
tion, based on the method devised by them and hnovn as the Weeiide method for 
estimation of crude fibre, v'hich consists of the residue after treatment with I '23 ‘per 
cent, siilpliuric acid, 1'25 per cent, potash, water, alcohol and ether. This includes, 
like the plant cell membrane itself, a mixture of chemical substances, celluloses, 
hemicelluloses (pentosans, hexosans) and encrusting Biibstances (lignin, cutin, suberin, 
pectins). Investigation of the chemical, and even more of the physical and struc- 
tural, properties of these substances is as yet incomplete {(f. 03, 96, 62, 67). 

jT/zfi o/muZej/ife both by animals and man is greatly aiTeoted by 

the wide differences, qualitative and quantitative, in malm up of the cell membrane 
from these components. Digestibility of crude fibre is of great importance with 
regard to the utilisation of plant food-stiifis, for the energy supiffied by 
crude fibre, which consists chiefly of carbohydrates, can be utilised only if the fibre 
is digested. Further, the contents of plant cells can he utilised only if cell mem- 
branes, which are easily permeable to digestive enzymes only in the more delicate 
structures, can be ruptured mechanically or chemically dissolved. 

Enzymio digestion. 

In nature, solution of cellulose by animal digestive enzymes is of minor import- 
ance. Cellulases and hemioellulases capable of achieving this, have been found by 
Biedermaim and Moritz (3, 4, 5) in the snail, Helix pomatia, and in the fresh water 
Potamobius astacus„ According to Bore, Boynton and Miller (19, 7, 91) the 
shipsworm, Teredo rMvalis, digests wood fibre by cellulase. Lewis and Jewell (74) 
found hemicellulases in 20 different specie of insects and the existence of cellulases 
in protozoa must be asstuhed (?. Bnddenbrook (12), p. 685). 

» ' \ - (. m } ^ ' 





DIGESTION AND UTILIZATION OF OIUIDE FIBEE 


•Digestion of tlio cellulose of licliens liclienin ((53) in lleMx {(14), Potamohivs (72) 
find even in mice (141) and rabbits (13(1) lias been found to be duo to a digestive 
lialmuiffe. Lichenase occurs in licliens and otlier X->lants ; indeed, moliilisation of 
reserve celluloses is dependent on the occurrence of cellulases and lieinicellulascs. 
On the other luind, in animals, the collnlases which occur as enzymes in food, 
contrary to the original view of Brown and Morris (10), do not take part in the 
digestion of fibre (115). ev<m if the animal body provides favourable conditions for 
the action of plant cytnses (145). 

In almost all eases where animals eat much phint food, the chemical digestion 
of fibre is dui^ (o the v.iizymi'n oj symbio! Ic mioro-ofyanuim . Of these the most im- 
portant are flagellate infusoria aud bacteria. According to the observations of 
Cleveland (13, .M), the digestion of wood by termites and. by wood eating fish (15, 
135), is due to the production of an active cellulase by intestinal 

Symbiosis with eelh^loi^e f,pht/niy h(fcteria occurs widely in man and animals 
that subsist on plant food. In farm animals the bacterial digestion of fibre in the 
feed plays an important part with regard both to the availability of plant cell 
contents and to the utilisation of the energy of fibre. 

The process of digestion of fibre is best understood in ruminmits. It was first 
observed by Sprengel (126), described by Iiaubner and Sussdorf (40), and subjected 
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tion ot fi.I)t‘o l.;iy h()rse iuT^es, iiiid sliowed: witli (140, 'll 8] that, cellulose 

is split in tlie TiUH-cn lo (‘olloHose and then to glucose. 

Tlie acids arising fnnn further degnadation, at^cording to Zuntz (150), a, re utilised 
ill the metaholism of the rmamant. This is true especially, of the fermentation 
lactic acid (88, 21') ; Zriutz and MalleYi-e (79) heiieve that butyric and acetic acids 
also serve as sources of energy. 

Woodman (147) considers that fernientation acids may have, a sparing effect 
on the comljiistion of liodj’- fat, but regards them as of no significance for fat forma- 
tion. He is also of ojjiuion (145, 147) that, if iitilisation of fermcnt.ed fibre does not 
occur through a ]>sor[)tiou of the sugar formed, the processes occurring in degra- 
dation of cellulose b}' bacteria in the gastrointestinal tract of plant eaters are to be 
regarded merely as incidental to digestion, and that the acids arising can be utilised 
only by the bacteria themselves. 

Fermentation i:n tJio rumen may give rise to different end products. Hen- 
neberg and Btohmann showed (44, pp. 52, 882) with hullocks, and this has since been 
confirmed; Hint a large addition of earily digestihle substances such as inolaBses, cane 
sugar or starch, induces th.e digestibility of Zuntz (151) explains tins on the 

grounds lliat the bacteria ferment, instead of cellulose, the nume i.aisily attacked 
starch and .sugar, wlilclt consequently lose some of tlufir value and are less well 
utilised. Zuntz (152. 154) with Markoff (88) and other collaborators, also showed 
that addition of sugar to the emtents of the rumeii iuctuased fermentation 'jirocesses 
threefold but depressful digiistion in cattle, : A 

COEEFIOIENTS OF WGKSTIBILITY BY FARM ANIS1AL0. 

Coefioicnts of (IhjcsiihiHly of fibre for the nmnerous farm hsedingstirlTs, a.s 
deteimined with ruminards and other farm animals in many feeding and metabolism 
experiments cannot; here bo dealt with in dcdail, Refeimice may be made to the 
tables of Kellner, Armsby, ForbeSj HahssOn and others. 

For the horae, the digestibility of fibre in a ration of oat.s and chopped hay was 
found by Zimtz and Lehmann (166) to be 33*86--32-69 per cent. Cellulose is not 
dissolved in the stomach (117, p. 25), but only in the caecum (52, 110, 111, 1 14) and 
colon. The fermentation of cellulose shown by Ellenberger and Hofmeister (21) to 
occur in the contents of the lower ileum, is insignificant in amount (117). More 
mcent^ work"' by Teschner (132), Hotzel (50), Wrede (149) and Engler (22) from the 
' >rg Institute, shows a digestibility for draught horses of 21*48 per cent, for 
1; 28*36 for straw ; SO-Sfi'S for hay ; 39 for steamed potatoes ; 52*40 for potato 
silage. All values were considerably reduced by simultaneous feeding of molasses, 





THE DIGESTIO.N' AND UTILIZATION OS' CRUDE FIBRE 

Digestion of crude fibre in tlie jyi 5 r does not occur either in the stomacli or 
the small intestine., but only" in the caeoiim and colon (ill;, 73). Degradation here 
also IS by bacterial action ; extracts of mucosa are inactive (111). 

With reference to the digestibility of the fibre of difierent feedingstidTs by pigs, 
special reference may be made to the extensive investigations of Honcamp {e.g,, 

On account of the m variations in individual experiments, as shown in those of 
Mangold and Stotz (87) with rye meal, it is hardly possible to give general averages 
for the digestibility of fibre in different feedingstuffs. Thus, for instance, for fibre 
in rye meal the following values have been found : Kellner, 2’3 ; Lei iinann. 10; 
Honcamp, 19*7 ( 1 1'9-~27-4) ; Mangold and Btotz, 25i36 (0-0--36-06) per cent. 

The reason for these wide variations in fermentation of fibre inthepfi?is 
probably to be found in the changes of inteBtinal bacteria with the nature of the 
ration, changes similar to those found in the dog and in man, and in the eficct of 
differences in the physical state of the feed. 


Energy value and utilisation. 

From the point of view of the energy value and uiUimtion of fibre by animats. 
it is important that fibre is brohen dov.n by bacterial digestion to the same end 
products as are starch and sugar. The stomach and intestinal gases produced by 
this bacterial fermentation, and also part of the acids, are not utilised in the animal 
body, and are lost. The same value may be assumed for such part of these products 
as is absorbed as sugar or fatty acids or used for constructive purposes by the 
bacteria tliemsclves. In agreement with this vi<(W, Kellner ((M)) in 8 experiments on 
bullocks with 1 ,kg. potalo starch or straw or cane sugar foiuui weight increases of 
248. 21)3 {uul 188 g. respectively, indicating an energy utilisation of 56*4 per cent, for 
stai'ch and 57 ])er ('cni,. for fibre with fermentation losses of '13‘(> per cent, for starch 
and 43 jxir cent, for fibre. Kellner found also that the energy ^udue of the digestible 
pai't of filrre c<>rj'{',s]X)nded fairly closely with tliat of cellulose and punto.sans. For 
methane, according to Kellner (56, p. 14 p(n’ cent, must be deducted, so that 
the idilisable energy of 1 g. fibiu is 3,599 calories, Similarly, Heniieberg and 
Stohmann (45) calculate 1 g. fibre ns oquivahoit to 3,519 caloiies {cf. also 55). 

It has. Ijowever, been pointed out by diilereiit writ(us that the doctrine of 
otpial net and starcli in ruminants is, in some way, unsatis- 

factory. In the first place as Zuntz (160} showed as early as 1879, the digestion of 
fibre, unlike that of starch, involves work, so that the net energy is the metabolisable 
energy minus the- energy used in digestion. Zuntz (30) estimates the loss in 
ruminants per 1 g. fibre as 0‘14 Gal. ; Ustj a, nzew estimates 0*31 Cal. for chewing 
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and cuddiiig and 0*6 GalA foi intesfeiiial wwk, orAaltogetliei' 0*64 (17) or 0*84 

Cal. (138), i.e.. for example, pea* kgAliay. in Tiiiaiiiants 94*2— 111*7 Cal. (68). Tlie loss 
in /lOfses is liiglier, 167 Gal., sinco iiere tlie more intensive cliewing exceeds the Avork 
of rumination and fermentation in the rumen. According to Zuntz, Lehmann (156) 
and Hagemaim (155) the work of cliewing and digesting the fibre of a normal ration 
in horses repres<m.ts 9 pcBr cent., or for X g. fibre, 2*65 Cal. In straiv feeding, inore 
energy may be used for digestion than that supplied by the niitrionts absorbed 
(156, p. 280). 

In the the ntiliBable value of fibre is lower, compared with stai’di. and sugar, 
since less of tliese is lost in fermentation ; Fingerling (24) found for 1 kg, stareli, 
355 g. as compared with 248 g. for fibre, giving a value for 1 g. fibre of 4186*2 cal. 


Other animals and man. 

In the mWU the caecum is again the site of fibre digestion (157, 137) ; v. 
Kniericm (69) Konig (70) and Thomas and Fringslieim (134) found a fairly high 
digestibility of crude fibre, collulose and pentosans, amounting in carrots to G5‘3 and 
in cabbage leaves to 77*99 per cent. 

Experbnents by Fredrieh (26) working under Lintzel at this Institute, showed 
that ra/.s‘ can utilise fibre to a considerable extent. "Wliite mis on a mixed diet 
containing 3*3 per cent, crude fibre in wheat and barley meal and potato fiakes, 
showed a coeiTicicnt of digestibility of 46*54 per cent., with variations from 38*95 to 
61*92 per cent. 

Some workers have foun<l crude fibre or cellulose, largely iiidige.stible by ilui 
dag (69 118, 119, 116, 48, 134). Hubner hoAvevor (101, 10,“), 104, 106), studying tin* 
utilisation by tluH dog of diiferent additions to a meat diet, estimated the {iigesllbiliiy 
of tlie plant cell membrane in three fractions, cellulose, pentosans and, residue, and 
found considerable degrees of digestibility, Tlio coefficient of digestibility of (>a]ior 
Avas 20 — 26 per cent., that of birch saAvdiist 30 — 40 ])er ccuit. and of AA'lieat In'an 25 
per cent. Waeiitig (140), using IVeendc crude fibre from rye straw, found digesti- 
bility zero Avhen the fibre Avas baked in bread, but 9*7 per cent. Avheii added to a 
mash of potato flakc'S, Avhile untreated rye straw in bread gave a digestibility of 10 
per cent. 

Thomas and Priiigslieim (134), using filter paper instead of Weeiuh^ fi!>re, or pure 
cellulose prepared by Cross and Bevan’s method (16) got completely negative 
results. They explain the fact that results are sometimes positive and sometimes 
negative as due to variation in the intestinal flora, the dog evidently being at times 
without cellulose splitting bacteria. Thus it may be assumed that, although the 
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({igestive system of carnivores is not naturally adapted for plant food, a dog may 
develop an intestinal flora wLicIi makes possible a certain amonnt of digestion of 
fibre. The bonse dog is fed as an omnivorons animal and often vdtii nuicli plant 
food so that, with this food, it will also ingest cellulose splitting bacteria. Baeterlal 
fermentation in this caEe will probably a.ttack : chiefly the more delicate vegetable 
ccllnloses which are also digestible by man. But the fibre of jmtatoes and cereal 
grains were found, to be largely digestible in experiments of Lossl at this Institute 
on fox terriers, although there were wide variations in different experiments. Of 
the Weende fibre, the dogs digested ; from barley meal 7*57 — 3:b53 ; potato flakes, 
lS*37-23*07; boiled potatoes, 3‘27-- 8f)‘83 ; rye meal, 3‘1'54~24;*28 ; wheat meal, 
2'92”-87*52 and rice, 25'24-"80‘05 per cent. 

These wide variations in fibre digestion by the dog appear uiiderstandahle in the 
light of the possible differences in bacterial flora in the intestine and the similar 
observations on the wide individual differences m. fibre dujestion hi maiK In ma.ii, 
also, the alimentary tract normally digests cellulose in different degrees d,epending 
on its origin, age and hardness; sometimes digestion may he almost complete. 

On account of the fact that most investigations have been made on a limited 
number of subject with only single experiments, and of the large range of variation, 
it is impossible to give figures for the average hj mun ot fibre in 

different foodstuffs. Weiske (143) was the first to study fibre digestion in man, 
and he found in two subjects, on pre- and post-expeTimental diet free from cellulose, 
digestibility coefficients of 47*3 and 62’7 per cent, for carrots, celery and cabibage. 
v. Knieriem (60) found 25*32 per cent, digestibility for fibre of lettuce. Lohrisoh 
(76) on the basis of a few" 1-2 day experiments on 3 subjects, gives the following 
fibre digestibilities ; white cabbage, 100 ; carrots, 95 ; spiiiacli.. 00: bread, 59-85; 
split peas, 45 per cent. liiibiicj’ carried out niimeious single experinienis on liuman 
subjects in Ms studies of tire digestilulity of plant foods, using differerjt kinds of 
vegetables, fruits and bread. Of the chemical componenffs of the cell membrane, 
lie found in some kinds of fruit and vegetaliles, that cellulose was 70 •()(), pentosan, 
Sl'81 and residue, 82*86 per cent, digestible. Bor different types of bread tlie 
corresponding figures w'ero 32*81, 45*46 and 33*26 per cent. Tlie cell membrane of 
potatoes wTis particularly easily digested, , a characteristic which justifies their 
wide use as a foodstuli (108). 

Tn the study of the tfigasrio??/ of fibre in man, microsf'opic examination of the 
faeces is of part.icular importance. It is found that the delicate membranes of, for 
i.ns{.an(;e, savoj" cabbage or carrots (Eiibner, 1G2) are completely digested ; those of 
spinach, wfitli tlie exception of the lignified fibres of the spiral vessels (36, 47), and 
those of potatoes also to a great extent (1,129). "Well lignified parts and cork are 
not affected (103), 
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According to Kubiier and Lindner (75) t.lie a]eur()ni3 cells ol ceroal grains pass 
tltrongli the human digestive tract without solution ol; their cell walls and without 
satisfactory digestion of the cell contents ; the same is true of tin*, horse ajid sparrow 
(75) and similar observations have lieon made by Mai\golrl (f^O) and Kruger (Tl) 
on poultry. 

Undigested fibre, ])oth by its own Inilk and also lieeauso of increased intisstinal 
secretion in man and the dog, causes an increase in the volume of faeces (104, 105). 
This is true in particular, when the bran content of bread is increased (105, 107); 
the digestibility of iilo'c and of the pure cellulose and ])entoses of liread is redncetl. 
in the case of rye ])rea<l from otS*7 to 4()'l per cent. (30, 105. i»2). If digestibility 
is low increase of cellulose resulte in loss of ocergy value, since the loss of 
calories in the faeces is larger than during low oeliulose control periods (25). 

In general, at least in man, the young non-lignified C(dl membrane of food plants 
is much more easily attacked and digested by bacteria than older, ligmilied struc- 
tures (49). In man the small intestine shares in this process, as has f)een shown 
experimentally by (ifosmann and van der Reis (31). These workers found that 
raw or cooked cellulose can be broken down and mndered soiubhi. not only by the 
bacteria from human faeces, as was shown by Kbonvine, Uelauiiay and Hopfle. 
such bacteria being capable according to Remy (08) of fermenting 42-54 per cent, 
of fibre, but also by bacteria from the colon, and even the upper, middh', and 
lower parts of the small intestine, while .Berkefeld lUtrales are inactive. Hlma 
samples taken hy means of metal capsules frmn. the empt^y sma],] intestine ivero 
active, these workers are inclined to the view that the human small intestine has 
an obligate flora of cellulose, fermenting bacteria. The part played by the small 
intestine in digestion of fibre is confirmed by observations of 8trausa (.125) on 
patients in whom the large intestine was excluded by operative measures. 

With regard to individual differences in digestion of fibre aiul other factors wliicli 
inlluence it. and also with regard to the utilisation of the energy of cell uluse,, the 
same general rules apply to man as have already ])oen discussed or will be dealt 
with later. The role of pentosans in human nnhaholisin will be disoiissc'd below in 
the section dealing with th<!,se substances. 

For a long time it was not recognised that fibre can be digested by 'poullrij (112 ; 
27, page 143). it wa.s commonly regarded as indigestible roughage (Uurigeii). 
Mangold has, however, shown (81, 82) that this older view was the result of laulty 
technique, and, in partionlar, of too short experimental periods. Further, more 
detailed experiments of KaLayama (66) on poultry, with different foodstuffs, in 
whioh faecal and urinary excreta- were collected separately by moans of an artificial 
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amis, the abnormal conditions set up prevent the digestibility coefficients obtained 
from being altogether reliable (c/’. also 41,78). 

Fiuni oiiiv kiKiwiedgc of the nutrition of wild & 2 r(fo, their ability to digest fibre 
must be rcgardoii as highly probable. Further, the two long and capacious caeca 
indicate the, cliiof locus of fibre digestion and the nature of the caeoal faeces, whicli 
fire always exoreted sepfirately from the inte^ihal: &^^ in the Scottish 

grouse (124) fis u'ell ;is in the fowl (139,, 81) and the goose (Heinroth), form a pasty, 
e,vil smelling mass, giv'c.s ji siiniiar indication. By comparison of cliomical analyses 
of caecfd and intc’stiuul ffieces, and by metabolism experiments on normal fowls and 
fowls aftei- oporui'ive roll!, o\'al of the oaeea, Mangold (81) with RoKseler (99) and 
liadeff (97) showed idiat the caeca are the chief sites of fibre digestion, and this was 
confirmed with Mej-er (90) hy microscopic examination of the caecal contents. Ex- 
tending tliesc studies. Mangold and his collaborators, Henning (46), Bruggomann (11), 
Stotz ( 128) ami Peters (94) in this Institute, determined the coefficient of digesti- 
bility for fowls of fibre in many feedstiiffs, Using a modification of the Weende 
method. In these studies the new method of Stotz ( 127) was used for the chemical 
sejiaration of urine from idie huaws excreted with it. 

From these investigations it a])pours that the digestibility ojjibre by poultry is so 
high for many Peedstuffs that it must bo taken into account in calculating the value 
of a ration. For barley mai,5e, oafcs, peas and cabbage, digestibility coefficients for 
fowls, pigeons, geese and ducks of over 20 per cent., and for maize and barely asliigh 
as over 30 per cent, umre found. 

ft also api-'earcd, ho\v<;vcr. -(iiat the digestibility of fibre in diiierent \'arieti{!s of 
the same c.ereal varied gnaitis'. in Ihe experiments of Btotz and Briiggemann 
( 128 j. who ill each e.vpenmeut used sevecoi birds, msually Eliode Island liens, the 
dilTere.Jices hetween difl'oi'em': varieties were, so great that the values varied, e.g., for 
barley, between 0 and 31 '5 per cent. For oats. Hainan (37) also fomid a variation 
in fibre dige stibiiily by Leghorns from 0-0*6 per cent. Errors in technique can 
si-ari'ejy be, resjionsibltj; for tluise n-snlts since the experimenks were ca.rrM.id out with 
ihe sam<‘ methods iu the, .smie Instituite. ,H; should a, Iso bo noted that other .nutri- 
tive couslitiient of the ten variiities of lairiey studied ly 8totz and Bruggemann 
sJiO'.ved a general uniformity in. their coefficients of digestibility, , , . 

It may iiierefu.re be triken as true in general of the diges'iibility of jibre iib feeds-' 
lojp (nid foods that even with tlie same species of idant, the vanicty and origin,' ’ 
in addition to all other factors, are of importance. The reason of this is probably 
to })C found in varietal dilierenccs in chemical and structural make-up of the cell 
membrane. This is 'probably true not only for the cereals studied, but also for 
diiTerent varietie.s of the same vegetables and fruits, of importance in human 
diet. 
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Tlie supploniciitarj obBorvalioB hy M-angukl and Scliai! (109) may bo men- 
tiunod. tliat. ol: oilier Hauroxidda, tlio tortoise lias a very considerable povver of di- 
gesting libro. For prro.rrrtlui a digesilbility oi fibre in barley was 

10: in wjiite .ifiaiEc. 30 ; bay, 40 ; yellow maiEe, 71 ; lettuce, 84 ; and in carrots, 
93» } cr cent. Fbe locus of fibre digestion liere also was tbe caecnm and proximal 
colon. Tiie loj^u' for food to pass tlmmgb. tbe gastro-intestinai canal, 
in Tcdtido 2-I, days. and. uji to 38 and, cA’cii 55 <hiys for tliO last traces, greatly faci- 
litates tbe action of bacteria (ni tbe fibre. 


Tentosans. 

(If ilie. substances closely associated with, ortliOGelliilose in tlie cell membrane 
iuul in fibre, tbe bcmiceihiloses, ineliidiiig pew/oMA*,?, are of most importance. Tbese 
polysacharide.g are also acted on by bacteria (122. p. 496) and fermented by those 
of the rumen (8. 9). According to Kellner (66, p. 162) pentosans promote fat forma- 
tion. Experiraents of Iwata (61) and of burtii and Engel (28) on rabbits show that 
xylan, a piire ponlosan. can be- broben down in the organism and converted into 
reducing sugar. 

According to Eubner (101) pentosans are food constituents of importance for 
plant eaters. In the slieoj), Stone and Jones (126) found pentosans of grass and 
bran 40-90 per cent, digestible ; Koiiig (70) found those of grass bay 82'00, of clover 
bay, cut before flowering 7G-4I and of pea straw 44'02 per cent, digestible. Thomas 
and Pringsbeim (134) found those of potatoes 7279 per cent, digestible. 

In man, ^^entosans are of less importance, since only a few grams of pentoses 
and pentosans are ingested daily, Grafe (32, 33) carried out experiments with 
xylose of which quantities up to 30 g. daily were well tolerated. It appeared that 
in man as in tlie dog, individual variations occurred, from 20-60 per cent, being 
excreted in the urine ; and that pentose metabolism is largely independent of dex- 
trose metabolism, the increase in blood sugar after xylose being wholly as pentoses 
and not as dextrose'. Hospiratiou experiments, however, showed that the xylose 
that rvas not excreted was ]>uriied, and had a ■])rotein sparing action. 

Pectins and lignin. 

Pectins also, 'which act as intorceilidar cementing substances, are chiefly acted on 
by bacteria in the animal organism (43, 120, 121, 122) ; such bacteria were shown by 
Ankersmit (2) to occur in the digestive tract of tlie horse and, by means of the pec- 
tinase, they produce, to separate the plant cells and make the digestion of cellulose 


'Lignin is the most resistant part of the cell membrane, and is regarded as, in 
general, non-digestible (44, 77), although Konig (70) gives the digestibility of lignin by 
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sliecp as 16-23 per cent, in Iiay, 4-13 in dover liay, and 28 in pea straw, tlio goitcs- 
ponding figures for culm being 7’27, 10’67 and 20*93 per cent.. tliosc for 
cellulose, pentosans and total fibre varied between 42 and 83 per cent. According 
to Henneberg and Stobinann (M) and Dietrich and .Konig (18) tbe non-digestibic 
residue of fibre corresponds to the lignin content. Konig considers that the utilisa- 
tion of fibre and of the organic constituents of plant feedstntl's as a wliole dt^pends 
on the eoJilenl of lignin mul ciilin, bnt Rubner (106) and "Woodman and Btewart (148) 
have shown that the digestibility of cellulose does not depend only on the degree of 
lignification or the lignin content, since, for instance, in grass, the decrease in diges- 
tibility with age is associated witli only a relatively small increase in lignin valiuis. 

According to Riibner (106), of the small cjiiantity of lignin ingested daily in 
bread by a human expermental subject, about half was digested. Thomas (133) on 
the other hand considered that the apparent partial digestion ot a lignin pieparation 
depended on the presence of cellulose. Experiments of Rogozinski and Starzewska 
(100) on ruminants with pure lignin or lignin in straw, gave completely negative 
results. ... 

Cork substance, suberin, is also regarded as non-digestiblo (44). 


Factors aI'^fecting niGESTiBiLiTy, 

Certain observations on the affect of different factors on digestuyn o/ fihiv may be 
briefly summarised. Reference has already been made to tlie influence of t/idiri- 
duality. 'What has been said is equally true for animals and man. li'eiineberg and 
Btolima.nn (44, p. 451), recognised the importance of individuality and of mitritionfii 
condition. Kellner (66, p. di'O considon'xl that the most important reasons for j)oor 
utilisation of food lay in ftudty tlentltion, too rapid eating or pathological conditions. 
Individual diU’erenoes in capacity to digest fibre should, never thedess, be regarded as 
fuudainentaliy ;[)hysiological, for every test of digostilnlity of feedstiifi's in. animals of 
the same species and origin shows tliat they are organi.sms dilTering in fine details of 
oo,iistitution. In studies on digestion and food value, this fact is not suilicicntl}' 
considered. 

Tt W'ould take us too far to attempt to define the range of variation due to 
individuality from the coefficients of digestibility found by different worlrers in 
studies on digestion and utilisation of fibre. But BUch iiiflividual \'a.riai;ions occur 
througlioiit. 

In man, Riibuei and Thomas (100, 107) have showm that, for iiistaiuie, cellulose 
may be digested to difie.rent deg.rees by two experimental subjects -while 3)cntosa.ns 
are equally well digested ; that, in fact, the digestibility of fibre in man is ex- 
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tremely varicifcle and conseqiiGntly tlie experimental xesults of different Yorkers on 
e, //.j tlio digestibility of different kinds of bread, can Hcarcely be compared and used 
to gi«) averages valid for tlie general case. These differences are considered to be 
due to individual differ encca in intestinal flora, and tlie envirouniontai coiiditions of 
tbe bacteria in the intestine. Jansen and Muller (60) lir.vo made similar obser-'. ations 
on fibre digestion in 6 experimental subjects who gave ooefficients \'arying between 
79 ‘1 and fHld) per cent, for Avbeat bread with a low fibre basal diet, and botAveen 68 
and 76 per cent, for pdtatoe.s. 

The variability ol results for fibre digestion is probably also affected to a signi- 
ficant degree by the nature of the rest of the food and of the kiUtl diet fed. This 
will have an effect on the intestinal flora, altering the culture medium for the bacte- 
ria (101, 133, m). 

These factors must be of special importance in fumirKvnh', in wdiich, on account 
of the large quantities of fibre to be dealt with, the ]>ossil)i]ity of such quantitative 
changes is greater. "We have already referred to the deprcssioiT. of fibre fermentation in 
the rumen due to simultaneous feeding of easily soluble carbohydrates. It has been 
shown by Heunebe.rg and Stohmann (4,4), that this effect on fibre utilisation is 
bound up with tlie nutrilive ratio (protein to other nutritive constituents) ; this has 
recently been confirmed by Mertins (89), wiio found in sheep that addition of 
protein to the ration decreases fibre digestibility. 

e/fect.v of cJianges in the compositimi of the rafiov occur, according to 
Itubner (103) in man and the dog, and according to Bollmuun (6) in the jug. 

■It seems likely that the degree of Mech^mcal dwmon of the food' would have an 
effect on the utflisation of fibre and W’ould be of practicalimpoitance in man and 
animals. In contrast to protein, fat and starch, wffich be attacked and ren- 
dered soluble at once by the digestive enzymes, it seems natural fo expect that ihe 
chemical digestion of fibre, depending as it does on the action of bacteria, would be 
affected by an increase' in the surface area, open to attack hy the bacteria, hy 
mechanical subdivision of the food. It is t.rue that maohaiiical treatnnmt in the 
animal body takes place in chewing, rumination and grinding in the gizzard of 
poultry. But, since tlie work of chewing consumes a part of the food eimrgy and so 
reduces the food value (see above), it is of importance to know?^ whether breaking up 
the food hefoTc ingestion, so as to reduce the work of chewing, would increase diges- 
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tlie fibre is, bowever, iioi necessarily increased in proportion to tlie dcj^ree of sub- 
division, Kellner (Of), p, 278) botli witli wheat and barley st.j-aw ni. cattle, found no 
difl’enniee whether tlie straw was fed chopped or as meal. In, the liowevor, 

Gay (i/. Kellner 6G, p. 279) found an increase in digestion of fibre from whole oats 
-l-2‘0 per cent.) to ground f48'9 per cent.) and crushed grain (63*6 per cent,). In 

the advantage of miUiiig has frequently been observed. Thus Haherhauffe (34) 
working with, maize, found a fibre digestibility of 52^39 per cent, with whole grain, 
55*06 per cent, with coarsely ground, 76*86 with medium ground and 78*05 per cent, 
with finely ground grain, while Hcmc«rmp, Schram mid Stotz (68) found a higher 
starch erpiivident for oatmeal than for whole oats ; Woodman an increase of 16 
per cent, in the feed value of ground as compared with whole barley, and Nils 
llansson (38, 39) an increase in feed value of maize of 6 -G per cent, by crushing, 
10- .12 per cent, by coarse grinding and 16-18 per cent, by fine grinding. 

Bimilar observations have been made on fibre digestion in man. 

In additiion, numerous other /(rntors affmtytlie digeMion of fibre-yiihryve all, difi’er- 
ences in structural and clunnical <'.r.mposition of the cell membrane as detcTniind by 
variety, origin, age and conditions of growth of plants ; the efiect of drying (grass 
and hay), tdic toinpemture used. {(f. Watson and Kergusoii, 142), ensiling, cooking 
boiling and so on. Althougli. these ;factors are of greater iniportahoe in the feeding 
of animals than of men, yet in human methods of preparation of plant, 

food will have a simihir iu-tiou in m(.,idifyijig the digestioii and utilisatibri of fihi“c as 
well as O.U the availability of cell contents. 

In conclusion, reference may bo made to the niimerous attempts which have 
been made to treat fibre in si.ra.w and wood so as to increase MgestiMf/ky and utilisation 
of types w}ii(di. are otherwise non-digestible or only slightly ; digestible. .It may be 
I'eeallcd that both witli straw-, treated with alkalis by the method of I.ehmanti and 
others (cf. (>6, 23, 63), or without chemicals (84, 64, 66), and also with wood quite 
apart from conversion into siigm: as proposed by Bergius), treated by ineclianicai 
and ch.(\mical means (36, 36), or by the more recent colloid chemical methods of 
Schwalbe (123) and Mangold (86), feedstufi's may be prepared with greatly increased 
fibre fligestibility, comparable with that of other feedstufi's. But, since the questions 
involved in these process are chiefly technical problems of treatment and preparation, 
there is no need to discuss here the various methods used and the results of 
testing the products as feedstufis. 
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BY 
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Florida. 

[ Repriiiteiifrom e.roei'f«ff/ of l)«j/-7/ Nc 2 (=KCf;, Volume XVII, No. l, Jamiary, 1934.1 

Intsoduotion. 

Dairy oovvs depend upon roughages as t/lie principal natural sources of calcium, 
and upon grains and milling by-products for most of the phosphorus. Grasses 
provide from one-fifth to one-third as much calcium, and about three-fifths as much 
phosphorus as do the legumes grown under the same conditions. The calcium 
content of the forages grown on low-lime soils is lower than that of the same kinds 
of plants on more fertile soils. Lactating cows dependent on grass forages grown 
on low -lime soils often deplete their reserves of calcium to such an extent that 
skeletal strength aird yield of milk are aifected. 

Statement OF PROBLEM. ^ ^ ^ ^ 

The Jersey cows in the Florida Agricultural Experiment Station dairy herd 
were dependent upon pasture grasses, and corn or sorghum silages, as the main 
sources of roughages. Since December, 1920, alfalfa nieal was included as one-ninth 
to one-eiglith of the concentrates mentioned in the herd records and annual reports 
of the station. One cow — No. 1 8-- received alfalfa meal prior to that time, while 
she was on Kegister of Merit test. 

All rations mentioned during this time contained an adequate proportion of 
protein, total digestible nutrients and phospl torus for cows of their weight and milk 
production. Under the conditions of feeding just mentioned, these Jerseys had an 
average milk yield of approxiruately 4,000 pounds per year. A number of them 
suffered broken bones— hips, ribs and even a pelvis— under this general feeding 
practice./ f";' ■ ■ ■ 

The rations were changed in January, 1929, by the addition of two per cent, 
of bonemeal to ihc mixed conoeutrates, based upon a study of the conditions noted. 
Bonemeal was tfiiosen in preference to a local supply of calcium carbonate because 
the former was known to be free from fi.uorine and other undesirable substances. 

This proportion of mineral supplement was assumed to supply sufficient calcium 
to provide for maintenance, a reasonable milk production, and to allow a surplus 
with which the cows could restore the body reserves. 

( 169 ) 
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Review oe literature. 


Eokles (2) observed that cows on phosplioms-deficient rations produced inucli 
less mills than when the lacking mineral was supplied. Theiler (7) and Tuf? (8) 
reported similar conditions among cattle in parts of the Union of South Africa and 
of Norway. Fingerling (3) obtained similar results with milk goats on rations the 
basal portion of which was deficient in calcium. Meigs and Woodward (5) con- 
cluded that cows produced appreciably more milk after having been placed in good 
mineral storage during the preceding dry period. 

Kellner (4) mentioned that dairy rations are deficient in calcium more fre- 
quently than they are ill phosphorus. Under these conditions, cows withdraw 
mineral matter from the bones in order to maintain milk production. As this 
impoverishment progresses, the milk yield is decreased. 

Nessler ((>) found that the bones of a cow affected with 
(bone-fragility) contained less calcium and phosphorus, were lighter in weight, and 
had thinner shaft walls than had those of a healthy cow. The spongy bones — 
vertebrae, pelvis and joints— were affected more than the shaft bones of the legs. 
Tiiis depletion of calcium and phosphorus in the skeleton occurred when the cattle 
received feeds inadequate in the hone-forming mineral elements. 


Plan OF INVESTIGATION. 

Typical rations used wdth the dairy herd were assembled from the herd records 
and annual station reports, and a study made of them. The rations were changed 
slightly in January, 1929, by adding two per cent, of finely ground feeding bone- 
meal to the concentrates. Some of the higher producing cows were given a daily 
allowance of about five pounds of alfalfa hay. Some changes w^ere made in the 
proportion of concentrates based on local market prices of nutrients, and upon 
availability of these feeds. 

Twelve Jersey cows in the herd had completed lactations on the uiisupplement- 
ed rations, and also upon the supplemented rations after January, 1929. Their 
lactation records \?ere assembled by 10-day periods, computed to maximum ago 
basis, using the factors of Clark (1) for Jersey cows milked twice daily not under 
official test conditions. An average lactation curve was computed, weighted on 
the per cow " basis. 

CW No. 59 broke her pelvis late in Uccemher, 1928. Following the autopsy, 
breaking strengths were determined upon her femurs and humeri, using an electri- 
cally driven Riehle Brothers testing machine, and applying the weight slowdy from 
above in the middle of 7- and S-inch spans of the shafts. After bonemeal had been 
added to the rations, leg hones were obtained from additional Jersey cows as they 
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were eliminated from tlie atabion lierd, and l)one strengths determined Bimilarly, 
using a 6-inch span. Similar da.ta w<.ire obtained from the leg bones of throe range 
cows, six Aberdeen Angus cows and 24 three-year old steers. The steers had free, 
access to bonemeal during one year prior to slaughter, w'-hiie the Angus cows received 
a limited grain allowance which contained one per cent, of bonemeal. Both the 
steers and Angus cows received pasture grasses and silages grown on the same types 
of soil as that fed to the Jerseys. 

PjaESENTATIOjfT OF BATA. 

The data presented herein were accumulated under the conditions of manage- 
ment prevailing over a period of years in the station dairy herd generally, rather 
than from an investigation planned in advance with a limited number of selected 
cows. Detailed search of the herd records and experiment station reports showed 
that j)astiire grasses (largely Bahia, centipede and Bermuda grasses), corn, cane or 
sorghum silages were the princijval roughages in usf3. Summation of published data 
from seven early feeding trials between 1008 and 19 17 showed that Jersey cows with 
an average weight of 711 pounds and a 15 pound milk yield daily, received 22^ 
pounds of silage. Their concentrates were mainly one ].>art of cottonseed meal 
(36 per cent, protein) with 2 to 4*4 parts of wheat bran. Other concentrates fed at 
times included coooanut meal, wheat middlings, velvet beans in the pods or ground 
iTito feed meal. One test cow ration consisted of 300 wheat bran, 200 velvet bean 
feed meal. 100 corimieal and 80 parts of peanut meal (grade not stated). Alfalfa 
meal was mentioned first in the ration of Cow No. 18 on Register of Merit test, and 
again in December, 1920, when it became one-ninth to one-eighth of the regular 
concentrate mixtures fed. During tw'o feeding trials of 123 and 84 days, 4 and 6 
cows nispcotively received not in excess of four pounds of alfalfa hay daily. Mineral 
supplements, except common salt, wer<3 not used until shortly prior to 1929, and 
thim for but a limited time. 

Thc'i cuiK'outrate mixtures used more recentlj^ in connection with the roughages 
meidioned a3.‘e listed in table I. Cost and availability of oats, corn, gluten feed and 
peanut meal (44 per cent, pn.-toin) caused them to be replaced with locally grown 
velvet hcan feed mcfil. higher grade cottonseed meal and by changing the proportions 
of the feeds used. 

Calcium and phosphorus contents of the several typical, rations were calculated, 
using average analyses of purohased concentrates, and analyses of the locally-grown 
feeds. All of these rations provided an adequate supply of proteiii and total digest- 
ible nutrients, and exceeded the reqiilrement.s given by .Kellner (4) and Wellman 
(9) for phosphonts. The supply of calcium was noticeably inadequate. 


I 
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Table I. * 


Co'tH'cuh’utcs iiscd v'lili a)i(l <iyu-^<< finxiu-rc vu JecdtiHj llie bfuhim ddif/j 

hci'd J'twu 1922 io 19 dd. 


1 Yeas 

.1922 

1923 

1021 aiiJ 

1925 

1923 

1929 to 
1933 

ItafcioTi 

Batioii 1 

Ration 2 

Rations 

Ration. 4 

Ration 5 

Wheat bran . . . 

100 

100 

100 

200 

400 

' Commeal . . . 

100 

100 

100 

300 

300 

! Grotind. oats 

75 

75 

100 

300 

■' ... 

Alfalfa, meal . . . 

50 

50 

50 


... 

, Peaimt meal 

50 

... 


100 


. Oottoiisecd uieal, 36 per cent. 

m 

100 

loci 

100 

■■ 

' 41 „ . 



... 

... 

.100 

; Gom gluten feed , . 

.t. 

... 

... 

100 

... 

' .Dried beet pulp . 


... 

.... 

100 

200 

Linseed oilmeal , 




100 

100 

i Velvet bean feed meal . . 

' ■■ 


... 

..... 

200 

Oomraon salt . . , 



... ■ 

... 

13 

Bonenioai . 

f ' ■ „ „„„|„ - 



.... 

'y<«Msi«a»ggiiinas;aacan^^ 

26 



The (jonceiitrates ia general use since January^ 1929, containing two per cent, 
of boiiemeal,: x)rovided caloiiiin siiffieient to meet the requirements for maintenance, 
a more liberal milk yield, and to allow mineral reserves to lie restored to the skeleton. 
No cow in milk in the station herd has had a broken bone since that time, and the 
milk yield has increased, as will be shown. A eomparison of the amounts of calcium 
and phosphorus contained in these several rations is shoftnl in table II. 

Lactation records were assembled and tabulated for the 12 Jersey cows that 
had completed lactations both on the earlier low^calcium rations with the concen- 
trates listed in table 1, and on the rations containing boiiemeal. A total of 44 
lactations wore included in the low-calcrain, group. The average yield per 

lactation, weighted on the per cow ■*’ basis, was 3,980 pounds of milk, or an 
average of ]3’3B x)ouiids daily iluring these 44 lactations of 400 days or less* These 
same 12 cows completed 22 hrctations on the high-calcium rations, averaging 0.425 
pounds of milk, or 17;D5 poimds daily* The earlier group of lactations averaged 297 
days in length, in contxast to 306 days for the latter group. 

There was a marlmd tciiidenoy for these cev's to attain a higher maximum 
daily milk yiehl, and to cleclhio iji milk flow less rapidly when tlui iow-calcium 
rations had been supplemented with bonenieal. 

Since these lactations were begun at varying ages, they have boon computed to 
a uniform masiniiim age basis, using the factors obtained by Clark (1 ) wn,th Jersey 
cows milked twice daily not on oflioial test. The lactation curves so computed, are 



Otmceii- 

trates 


Galcitim Phosphorus 

(Ca) (P) 


Digestible 

crude 

protiea 


Lov/er lactation cnrve-aTerage of 44 lactations 
on iow-ealeium rations 


Upper lactation cxirre-average of 22 lactations 
on Iow-ealeium rations supplemented 
Avith bonemeal 


Days in Milk 
ITO 150 200 


I'ig. L Average daily milk yields of 12 Jersey coWb before and dimog iise of bonemeal as a 
supplement to low -calcium rations. 


shown in figure 1 . These milk records were assembled by 30-da, y periods, and the 
relative rates of milk yields calculated in relation to the milk yield on the unsuppie- 


Table II. 


Comparison of tJt,e nuirients required hy a typical cow in the station dairy herd and of 
the nuirients provided hy rations in use het^^^ 1908 and 1933. 


liequirenients— • 

72a lb. cow yielding 
15 Ihs. of 6 per cent, 
milk,®'' 

Katifins in use — 
1908-1917 
1922-1925 

1928 . . . j 

1929-1933 


The average requirements are based on Weights and milk records of cows in feeding trials con- 
ducted between lOi. 8 and 1917 at this station. 

t Calcium and phosphorus requirements ealeulated aeeording to Wellman’s (9) requirements, 
i Calcium and phosphorus requiiements ealculated aeeordirg to Kellner’s (4) requirements. 


Dbs. 

Lbs. 

Lbs. 

11-4760 

0-0800~-1069 

0- 0394— -04681 


■0789J 

•0323i 

11-6633 

■0306 

•1705 

11-638 

•0448 

•1973 

11-6600 

0408 

•1535 

11-6075 

-0776 

■1032 


EPPEGT OE GALCTUM-DEEIGIENT ROUGHAGES 
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inented lations. This comparison of monthly milk yields on the low-calcium and 
the supplemented rations is shown in table IIL 




Table III. 


Persistence of milk pfoduction of IB Jersey cotvs m affected by addition of honeme.nl as 
a supplement to loiD-caldmn mlions. 



* Tile total production in the first Jactation curve (4,066*2 
used in the computing the rate of production. These lact 
cow ” basis, computed to the masimuin age hy using the factor 
dual Jactations upon a comparable basis. 


1 . 

2 . 

3 . 

4. . 

6 . 

6 . 

7 . 

8 . 

9 . 

10 . 

n . 

12 . 

13 . 

10 day.s 


Total 


Lbs. 

644'3 

636*2 

572*1 

525*5 

464*0 

420*6 

378*2 

328*2 

281*2 

201*9 

112*6 

55*4 

27*6 

8*4 


4,666*2 


Iier cent. 
13*84 
13*66 
12*29 
11*29 
0*96 
9*03 
8*12 
7*05 
6*04 
4*34 
2*42 
1*19 
*09 
*18 


100*00 


JAjs. 

766*1 

789-9 

732*1 

081*3 

622*2 

563*2 

525*3 

493*7 

464*1 

406*7 

359*0 

295*4 

237*7 

66*2 


6,991*9 


per cent . 
16*43 
16*96 
15*72 
14*63 
13*36 
11*88 
11*28 
10*60 
9*97 
8*73 
7*71 
6*34 
5*11 
1*42"';' 


150*18 


Production on supplemented 
rations 


Milk yieJd 


Rate of base 
production* 


Month 


Production on low-calcium 
rations 


Alilk yield 


Bate of pro- 
duction* 



Skeletaj. studies. 

Five cows in a herd of on the low ealeium diet had siihered one or more 
Lroken bones, as follows : — 

No. 59 — pelvis broken in three places. 

No. 120-' -botli hips and right 12th rib broken. 

No. 223— -right 13th rib. 

No. 225 — left hij) and last four ribs on right side. 

No. 229“left hip. 

Even a 10-year old bull- -Florida’s Majesty 153431 — was slaughtered in 1927 
because of a brok<3n liip that affected liis usefulness. Tins large prop^ortion of 
animals with broken bones called aitcntion to the extremity of the condition caused 
by the low-caloium rations, Oov/ No. 59 went donm with a 'broken pelvis during late 
Deeemljcr, 1928. 'Upon autopsy, the femurs and humeri were obtained, and average 
breaking strengths of only 335 pounds w'ere recorded. In tlie.se determinations, 
7- and 5-iiicli spans respectively were used, but in. all subsequent studios of bone 
strengths, a standard G-inch sjian was adopted. As more cows were eliminated from 
tJie herd, th,c long bones of the legs were obtained, and their strengths determined. 

It is of interest to note that the femurs and humeri of four Jersey cows receiving 
the. supplemented ration for the last 19 to 27 months, averaging over 10 times as 
strong as the corresponding bones taken from Cow No. 69. In every instance the 
femurs and hurnori exceeded the cannon bones in average strength. Notiirg this 
relationship, it was possible to use strengths of cannon bones as li.idice.s of the state 
of mineral storage of the cows. 

Tlic strengths of No. 59 's leg bones represent an extreme stage of depletion of 
mineral reserves in the skeleton. This cow had been a persistent producer, av^erag- 
ing G,338'f> pounds of milk in her 11 lactations, and in the last lactation jiroduGed 
8,169‘9 pounds of milk in 531 days. That this cow is not an isolated instance is 
suggested by the proportion of cow.s in the station herd at that time tliat had broken 
one or more bones, 

The strength.s of cannon bones from 24 three-year old steers represenkj^^nedium 
stage of mineral storage in the skeletal tissues. Three mature (dry) range! tows for 
which bone streiigtlis are presented, were in a lower stage of storage. On -th-e. other 



* }>rca]<5ng rtrengths were detemined hy using a (i-inoh span, with weight applied slowly 
middle from abo\'e, except (o) a 5-inoh span, and (b) a 7-inch span with Cow No, 09. 
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taiwl. tiic Itoiie Htrengtlis of tlio dairy cows that had recei^Yxl the supplemented 
rations indieate that it may bo jiossiblo for cows to attain a stage of excellent mineral 
storage, avaiiable for Kiibsequcut lactations. A sionmary of these bone strengths, as 
determined on selected ]>ones taken from cat-tlo under the variona conditions ont- 
lined, are presented in table IV. 

Discussion on results. 

n’ho cuv.y considered in this study received rations that were ad etpiate, con- 
sidered from the usual feeding standards. This was evidenced by the fact that many 
of the cows were extremely fat, and yet wnre not yielding milk in proportion to the 
intake of digestible nutrients — in many instances they liad one pound or more of 
grain for each two pounds of milk produced. The quality of jirotcin was probably 
satisfactory, since it w'as derived from six plant sources-— maixe, wheat, flax, A^elvet 
beans, cotton and sugar beets — in addition to the variety of pasture grasses. The 
supply of phosphorus from the concentrates was in excess of the requirements. 
The calcium intake in the average ration was extri'inoly low. even for cows wdth 
the level of milk production of Jerseys in commercial dairies. 

The depression of milk production was less marked than has been observed in 
long-continued phosphorus deficiency (2). 

Table IV. 

Awmye, hrcdkwg fitmigth of 215 leg hones from Florida catlle iutder differenl feeding 

conditions^'. 


Average breaking strength of bones from left and right legs 


OattI© 

Typo of ration 

1 ■ 

Hume- 

rus 

1 

Femur 

Radius 

and 

ulna 

Tibia 

and 

fibula 

1 

Fore 

cannon 

Rear 

cannon 

Average 

Jersey. 


NoB^ 

Lbs. 1 

oMmeal at 

1 Lbs. 

laildble. 

Lbs. 

Lbs. ■ 1 

1 

Lbs. 

[ Lbs. i 

Lbs. 







Cow No. 59 . 

1 

Dairy ration, 
unsupplement- 
ed. 

330(a) 

1 

1 340(0) 

..... 1 

... 1 


... 

1 

336 

Jiunge Oom. 









No. 1 . 

i Range on sand 
i and muck 

! lands. 

... j 

... 

■ 

... . 

1,630 

1,998 ' 

1,764 

No, 3 . 

Rangoon sandy 

1 lands. 

2,240 

2,406 

1,923 

2,602 

1,883 

2,166 

2,201 

No. 3> . . j 

i Range, peanut 
hay in winter. 

1 

b • « 

1 . i 


2,120 

' 2,380 

2,260 
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Table 1Y —mntd. 

Average hrcal'ing Hlrength of 21S leg bone^ from Florida- mltle imder different feeding 

ooiitd. 

I Average breaking strength of bones from left and right logs 


Tyi.e of ration 

rus 


Radius Tibia 
Femur and and 
ulna fibula 


Fore Rear * 
cannon cannon 


Tvk) 2>cr cent of bone?neal inconcentrafcn. 


Onernsfy. 


Dutch 

Lknv 


llrlfrd J)airy ration, 
}>oneineal 20 
1110. 


Jersey Cows, 

No. SI, 120, .'Dairy ration. 
1 05, 225. bonemeal 3 0— 

27 mo. 


)airy ration, 
bonemeal IS— 
23 mo. 


Oneiwr cent of bo netneuliii concentrates. 


Aberdee.n A 


6 cows 


C-li'ass, silaj 
concentrates. 


Access ta bone. ■dicuI ad libitum. 


8 griifle Angus (iras.s, pasture. 

with peanut 
hay in winter. 


10 native and Grass 
grade Here- with 
fords. hav i 


pasture, 

];eanut 
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SUMMAjRY AND CONCLUSIONS, 

Typical rations used in feeding the Jersey cows 
Experiment Btation during a jieriod of years supplied an 
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Under this condition of inadequate calcium intake, not only were milk yields 
less tjum ex}.Tided, Init mineral reserves were depleted to the point of skeletal 
fragility. A significant proportion of the cows had broken rihs or hips. Since the 
corr(!ction oJ! ihe eaioiiim deficiency by the addition of bonemeai to the raiions. the 
COB’S has siiiiereii no broken bones in the next four years, mineral reserves (as 
measured by bone strengths of cows slaughtered) have been restored, and milk yields 
have hcen attained commensurate with inheritance and the organic nutrient intake 
of the same cows. 

Statistical ANALYSIS. 

Study of the records for possible contributing factors arising from management 
of the cows disclosed that the dry periods prior to lactation averaged 80 days in 
length preceding use of boncineal, as against 80 day.s nhilo bonemeai was available. 
This excludes the 12 lactations after the first partiirihiou of each cow in the former 
period, and one instance of difficult conception among the 22 lactations in the latter 
period. The average date of conception was at 105 days after parturition in the 
former interval, as against 100 days live eases of diillcult conception of 

BOO days or over) in the latter perioii. In addition, cystic ovaries wore encountered 
in two old COW'S, and four failed to conceive. Tlie observation of Dr, 0. H. Eckles 
ill Minnesota Station .Bulletin 253, was borne out in that the older cows conceived 
less readily. 

From statistical analysis of differences in rate of decline between milk production 
on the low-caicium rations, and that on the supplemented rations, it was found that 
the standard error of difference, divided into the difference is 1 '73, or that the 
piohabilities are 9 in 10 times that the differences are not duo to chance. In other 
w'ords, these differences are due to inherent differences in the rate of production, 
rather than to chance. This took into consideration the entire lactation curves from 
the second to thirteenth months inclusive. 

The entire lactations include tJie period immediately after calving, during which 
the mineral matter stored in the skeleton in the dry period was available. After this 
available supjily is depleted by lactation, the cows become dependent upon the 
limited amounts in the feed, and milk secretion is checked. When the curves for the 
Tth to 13th months were analyzed similarly, the factor 72'17 "was found in place of 
1*73. In other ivords, it is highly significant that these differences are inherent, 
rather than due to chance. 
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and pliospliorns, Init were low in content of (;alcram. Addition of I)one 2 neal as two 
per cent, of tlio conceiitoates was siifEcient to renclei flic calcium level adecpiute for a 
Gommeixiial dairy herd. 

This increase in calciimi level in the rations allowed 32 Jersey cows to attain aji 
inciecsc of four pounds of milk per day in subsequent lactations, and to be more 
persistent producers throughout longer lactation periods. At the same time, these 
cows attained a stage of mineral storage in the skeletal tissues such that the leg bones 
from nine of them had average breaking strengths in excess of 3.900 poimds. On 
the other hand, in absence of the calcium supphnuejit, several of these same cows 
previously had withdrawn mineral reserves from the slicletou tc) such an extent that 
an unusual proportion of them had sulTered broken hips and ribs. 

The possibility of corn silage, grown on. low calcium soils, as a source of rough- 
age for use in studies of calcium metabolism is suggested. 
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The lactation periods prior to May 35, 1928, w^ere accumulated under the diroo- 
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hiing and tabulating the milk records. Professor 0. H. Willoughby allowxi^d us io 
obtain leg bones from Aberdeen. Angus cows for use in this stlld 3 ^ Ih’ofesaor Charles 
C. Browui of the Civil Engineering Department made available such equipment as 
was used in bone strength dete.rminations. Bradford Kiiapp, Jr., and Dr. L, W. 
Gaddum assisted with the statistical analyses, testing the siguificanco of tlie data 
presented herein. 
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VETEEIFARIANS AS •' O.FFICFJRS Of ANIMAL HIALTM 


[Reprinted from tho VeUrinary .'Record No. 8, VoL XIV, February 1934.] 

In the course of an address delivered at tlie Tliirteentli Annual Convention of 
tlie C'anadian Society of Tcclinical Agriculturists, and reproduced in tlie February 
ksue of The Journal of llie Mwisiry of AyricuUvre, Sir Daniel Hall, Chief Scientific 
Adviser to the Ministry, stated that the question of animal disease liad been the 
subject most pressed upon the Agricultural Research (?ouncil in (ireat FSritain. It 
was the one that, to most pooiilo, seemed to require the most strenoiis effort, and 
many people considered that the most pressing of ah the problems before them. 

‘ l am bound to say ", continued Sir Daniel, while reporting this as the general 
opinion, I do not personally altogether agree, because I am. looking at the problem 
from the point of view of health rather than of disease. I see the task of the people 
who are dealing with the health side of animals to be, in future, very much more 
hygiene and the maintenance of health than the cure of disease. AVhat I would like 
to see is a class of veterinarians who are officers of animal health rather than practi- 
tioners. There must always be practitioners who are concerned with surgical cases 
and with specific illnesses of valiifible animals, but it seems to me that the great 
efforts of the profession should be rather of a public nature. Instead of being called 
into this ailing cow, or that fretting horse, we want to see a olaBs of men who have 
charge of a district, whb are thinking about the horses, the cattle, the sheep and the 
pigs and how to keep disease away from them. Haturally, they will have to know 
about the endemic diseases, but breeding, enviroimient, nutrition, and other factors in 
hygiene will be equally important, I think that is going to be the direction in 
which the veterinary profession itself will evontnally move, and that the veterina- 
rian of the future will be the land of public officer who is talottg prophylactic and 
preventive measures and who is studying problems like nutrition, and so forth, so 
as to ensure a greater amount of health amongst the animal population, dt i» only 
latterly that we have really begun to appreciate what an enormous factor nutrition 
is in the health of livestock ; we do not even yet k.now all that is necessary \ 


ABSTRACTS 


Studies on Ijo^ibg msistitis -?III The control o! chronic Sfrcqjtoaoecus mamiis. 
MjMETT. P. 0., ^STABLEFORTJi. A. W., lincl E!>\VAEi>S, fci. J. J. CoOUj). Pulk 
and T her. 46. 13M3S (1933). 

Tvfiviinifi ]):\pci'a in this perios iff pul'liLatioiiH have tmited uf the hactmulugy uf ffltrjilucucr.tifi 
vyifa‘''i 2 /js and i)i' {ho (Jiaj^ncn iii Ilf tJie prevalcai ehn.jiic! furni of tliifi dia''ape. The organi--.in3 have Ixm-u 
grouped as J, ft and lit of J\I<isl{f,is iSY/v/i/.noori''?, the gronp '( hcirig far more responsible for the <'nt.- 
hroak of the c-hionit! /S7'A p/ocuccW''-- '/i/aslifin and, important from the ooiinoinie point of view. 

Observations eovering a period of five ycar.s were made in a praetieaily tclf-ci nlaijud h.eid ci ro-iiting 
of f)3 heifers, dry aiul niilch cows. Tn the first year of uhservations, ](' ei ws were alloetcd with ihn nie 
Htrcplocucrvs .Ouring the first two vonrs, preveiitivo ineannes weie adopted and the iid'ceted 

cov/s were mifked .last and sufiserpiently kef't on separate jiremhes. Tin's fed to the frimation (i a 
group of emvs, whieli for tlnoo yi-ars and sis months remained free from Streiitoeoeei responsilile for tjio 
chfonie and oontagion.s form of Mastitis. Of the ten originally infected cow.s which remained on the 
farm for varying periods uji to five years, five were under ohservatiou foi the longest time and they 
appeared to liavar made a omupleto recovery. 

The authors conclude that this is the hrst time that it has been shown by frequent teats of milk 
that a herd of eoW.s Was maintained free from infection, and they pcov’-e that chronic Streplocacats 
mastitis is a coutngious disease pirevcntablo by the hygienic measure described above. 

The Teclmiipie used in the examin.ation of milk sample.^ is cleseribcd in this article, [ .B. S.] 

■ Russian ttietliods of artifteial msemination araltiijly sires’ value. ■ Landaueb, . W. 

J. Hered, S4, 87-92, (1933). 

The author describes the following methods used in Russia for aitifieial ineeniinatif n, and gives 
photographs of instruments and breeding rack used in, this connection. In Russia the need of aitifieial 
insemination, arose chie8y on account of the great distances in nual districts which frequently made if 
impossible to use valuable breeding animals to best advantage, and the author tbinka it prcbable that 
artificial insemination will, in future, play an important part in the breeding programme of stock- 
owners. ■■ , ■ 

I. Tht Sponge Method of Ivanov was extensively used in the past, but on account of certain 
fimclamental defects it ha.? been discontinued, 

IT. The Sperm-Gollcctor Method , — Russian experience has sbowu that this method of getting the 
vSperm with. Sperm eoliector is the most successful one and it has boon .adopted in Ru.ssia for all occasions 
where large number of ewes are to he inseminated. About 1.0 fcime.s a.s much sperm can be obtainerl 
with the sperm eollectoi’ and the motility and length of life is a.k-o much greater as with the sponge 
method. In 1931 several liuodrcd thousand sheep, about 187, (tOO cows, and also horses and donkeys 
wore sueces-sfully in.'-.cminfiled by the method. The sperm collector, after being passed into alcohol 
(65 per cent.) for ton luiuute.s, is, for a short while, put into alkaline physiological salt solution. It is 
then introdut-ed into the vagina with the help of a pair of pmc-ers. After the ewe has been served, the 
sperm colicctor is removed and sperm stored in a glass container. With the aid of a syiinge and vaginal 
speculum, a quantity from 0'2 to 0*4 c.c. of sperm is introduced into the uterus of an ewe. All the 
manipulations of obtaining the sperm and inseminating the ewes arc to be carried out in a room with a 
temperature between 16-25® 0, 
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III. The Speculum Method. — In this method sperm is collected -with the speculnm into a watch gl&ss 
tijid used f;s above. Tlie method is U'^enil if only a few ewes are to be inseminated. 

IV, The Artijii'ial Mithtch — This method gives the further advantage of dilation i>f sperm. 

Good rchuits have been C'btcuned with the dilution fluid containing mucin in case of sheep, wltile. lor 
cattle the dilution in peptf.nc-iipoid solution proved successful. It is found that the .sperm of a single 
jam and bull wa.-; sufccient to inseminate 300 to 400 ewes and 1,250 Ciiws respectively during one season. 
Hie autlior puint.s -jut that at present tliis method is chiefly emiiloyed for experimental purposes. 

In a sjjccial glucose reagent at a tempera.ture of 10-15^ 0. sperm.s arc stored .successfully for 18 
days.: ':[ B. S.]'' 

Injections sterility in the larger domesticated animals. Edwards, J. T. Ffoc, 
Roy. Soc. Med. 26, 1192-1210, (1933). 

Sterility has boon ela'-.sided under the following headings : — 

I. — Genetic. • 

fEndocrinal. 

II. — Functional • ) 

(Nutritional. 

in.— Infectious. 


(1) Equine Stekility. 

In the equine species a very high percentage of sterility is said to be associated with endometritis in 
the female. The bacteria] content of uterine secretions taken from 1 to 21 days post-parium have been 
recorded as B. B, C'of/, I<iplu~stre.ptvcocci, B. Vucosum iqui, and a small ])eicentage of 

miscellaneous organisms. j\rost of these organisms have, however, been found a.s a normal vaginal 
bacterial flora of mares. The relation of aboition to sterility according to the French records evidently 
has little significance, bct-ause of the fact, that the incidence of sterility is no higher in mares that have 
aborted than in tho.se that have never aborted. It i.s rather .striking to note that the proportion of ease.s 
of bterilitv^, in which bacteria fimii the uterine secretion have not been isolated, is very high. Evidence 
tends to shew that tlie bacterial infeeti'-n has only a minor significance in equine sterility. 

(2) Bovine Stebimty. 

Sttriliiy in bulls , — The relative importance of the male as a factor in sterility is negligible, and the 
average of sterile bulls is only about 1 in 150. 

Apart fn»m a small proportion due to other causes, .such as cctngenital deformities and acquired 
defects, <tf te.sticles and epiflidyrai.s, and Br. abortus orchitis are al.so responsible for about 

60 per cent, cases of sterility in bulls. 

Sterility in ones , — On acenunt of it.s prevalence and economic impuilance, the study of sterility 
has of recent year.s attracted more attention, as it affet:ts the coav more than any other kind of domesti- 
cated animals. Infectious sterility in ettws is caused by iuberevilosis, conla'jiom abortion, contagious 
granular raginiUs and non-.'-peciftc infe<“ti(.in, and the dist^ases produced by these infections are cerrkitls, 
nutritis, ialphtgitis, eystic-degenerathm of ovaries and retained Corpus Ivteum. 

Tile affection of oigans of barren cows vario,s greatly in different countries according to the circam- 
staiK-es under which the animals are kept. The incidence of uterine diseases is very high among cows 
ke])t indoors and fed • iji t'^mcentraied forid stuffs for high milk production throughout the year. Ovarian 
trouble is encountered mainly in underfed herd.s, bred out-of-doors. Cerv-icitis is common mostly among 
cows, kept out-r if -doors, pasture-fed and where calving is arranged to take place at the commencement 
of the season of luxuriant vegetati<;n. 
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SaJpinfjili* in iht am and ihe mai'e. — In the cow, there in a high incidence of tnherculods in the 
tubes and also retention cysts in the ovaries forming a secondary obstruction in the genital tract. 
Various organisms have been isolated from eases of non-tuhercvlom salpingitis, the former consisting 
mainly of sfrepiocncci and corynehacteria. However, this disease in the mare has been reported rarely. 

The relnlin nship bit uxe n caniagiuvs abortion and sleriUty in the com>.— Records show that contagious 
abortion fir,-t severely afiects a herd of cattle, aboitimi taket> place during early pregnancy and the 
incidence of stoulity is evidently low. Subsequently when the disease has run its course for some time, 
abortions are fewer and occur later in pi egnancy, but accompanied by a large incidence of premature 
births, retained jiiaceuta, sei'ere cn dometriiis and sterility. Fertility is much decreased in cows that 
jiroved to harbour B. abortus infection. The effect of the Br. ohortiis infection Iherefoie, seems to 
aggravate some other ci incurrent infection which was prevailing in the herd and transmitted vouoreallv 
by biiUd. ■ 

The Pathogenesis of Bovine Endoriietritk, 

This condition occurs either following upon B. ulortus infection or inclepeiulently. The following 
organisms are mainly responsible ; — 

(1) jS. ahorfMS infection causing merely supterficial alterations. 

(2) Pure sfrejJtococcns infection ; or with other bacteria. 

(3) Pure il. pyogenes infection 5 or in combination with other bacteria. 

After final healing the uterus is often totally unfit for conception. 

V enereally transmitted Ivfeclions in the Bovine, and Equine Sqncks. — The most common infections 
transmitted and associated with sterility have teen described as Coital exanthema ; Trichomonad infec- 
tion, and Streptococcic infection in bovines and Fricdlander infection (a bacterial infection with Encap- 
sulatus (Klebseila) genitalium which could be mechanically transmitted by stallion during coitus, with 
subsequent cemcifis, wicInYis and sterility) in equines. [B. S.] 
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laiperial Bureau of Animal Health, Y eybridge, 301 pages, Annual subscription £ 4, 

Eecent years have seen a tremendous increase in the output of periodical 
scientific literature, which is diffused in the compass of a large number of journals in 
the diverse languages of the world. It has been increasingly felt, therefore, that 
unless a sort of bird's eye -view of the world’s publications could be made available 
at one place, workers could not hope to keep abreast of the rapid strides that 
were being recorded in the realms of science. Moreover, it is neither practicable 
for every library to subscribe to the whole medley of journals, nor for an individual 
worker to be able to read every language or see all articles. The enterprising 
Imperial Bureau of Animal Health at Y^eybridge has been endeavouring to supply 
this real need amongst English-speaking research workers by the publication of 
abstracts of the more important articles in the form of a monthly Yeferinmij 
BvUeiin, which has already created a place for itself in Veterinary literature and has 
enlisted a large amount of support. The Bureau lias now decided to extend its 
helpfulness by publishing a very comprehensive index of articles piiblislied, 
bearing upon all aspects of "Veterinary Science and the first issue of Index 
Telemtarins marked April 1933, is now before us for review. 

This issue covers the indexing performed at the Bureau Head Quarters during 
the first quarter of 1933, and it is announced that subsequent issues will similarly 
deal with the indexing carried out during the corresponding previous quarter. 
The system of classification adopted is satisfactory, and the required information 
i-an be c>btained %vith the minimum of trouble. This quarterly issue forms a 
complete alphabt^tical index of the subjects dealt wuth, as also of authors’ names 
along with all the relevant details (year, full title of article, volume, page, and 
translation of subject- titles where the original medium of the article is one of the 
less familiar foreign languages). Conditions due to specific organisms or parasites 
liav<^ lieen indexed under the, name of tlie causative agent, and a heading consisting 
of se\-eral aspects of a problem has been suitably sub-divided under general, control 
die.gnostie tests, treal-ment. bovine, porcine, etc. The nomenclature of the 
Ameri(.,an Society of Bai-teriologists lias been, generally adopted. The articles have 
been fully {*ros.s- indexed under headings of subject, name of the country of 
incidence, sjfeoies of the animal and names of the organs affected. The list of 
journals, which it- is proposed to cover in the index, is comprehensive and 
enumerated on ]>age,s 5 to Bfu Since it has been necessary to produce it on a 
■ ■ ■ . ■ . . . ■ ■ ■{•■ 183 .:.) 
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duplicator, tie Index has certain gliort-ccniiEgs. for instance, tie issue is of 
necessity ratlier Inilky, but it is dearly piiiittd and loiind ‘witli a t(mi-fetiif cotct 
similar to that of the Yeiefiuxry B'liilelm, It is to le hoped ti at it may yet be 
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A VETBlllNAEY ENTOMOLOGY EOK INOJA 

BY 

T. Bainbrioge Fletc'Her, B.N.j F.L.H.j B.il.E.S,, .F.Z.S.. 

AND 

S.K. Sen, M.Sc., F.R.E.S., 

Im^KTUtl hiatiiiile of Veterinary lieseareh^ Mvhlcsar. 


The iirst of tlie se..i‘io« of artides entitled as above appisarcd in H)27 in Vol. ], 
part I, of the Journal of the Central Bureau for A'nimal llnshandry and JJairyiiuj 
/'/nim and tlie last or ])ai‘t XIV in Vol. 1, Part 11 1, of the prcs(3iit Journal. It 
understood from one of theauMiois of this series that tli ore are yet scv'(3ral niore paits 
awaiting publication and that if ihey appear at the present rate of quarterly iiistal- 
mentSj it is not likelj’- to inquire less than 3 to 4 years for the entire series to be com- 
plet(3d. The disadvantages of such a protracted method of publicatioii arc 
for the Veterinary workers for whom tlrese articles are primarily intended a 
to lose touch with the earlier parts of the series by the time the later parts 
mudc3 their appearance. Moreover, there would appear to be at the present time a 
genuine need for a general tt'S-t book on veterinary (.‘.ntoinology 'which might be 
used for ready reference by workei's in this country. It lias tiierefore b€3en 
to discotd-inne publication of further articles of the series surd the authors 
'undertaken to (3oiup]ete the. wort', as (3urJy as possiblo. in. tlic form of a |.{3jict-book ;f 
publication as a iScicnlific Moiiogi'apli of Iho Jinperiai (biuicil of 
Research. 
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APPENDIX 


INSTRUCTIONS TO AUTHORS OF PUBLICATIONS OF THE IMPEMA'=* 
COUNCIL OF AGRICULTURAL RESEARCH * 


1. All niaimscriptH should he clean, clear and carefully revised. Only one side 
of llie 2 )a.per should he used, and as far as practicahle the original type-writleu 
copy and not a carbon copy should he sent. Capitals should be sparingly used, 
and sdl the necessary punctuation should be done in the MB. and not left for 
introduction in proofs. 

2. 'I’lic title of a paper should not be lengthy. 

3. It is desirable that the MvS. should have suitable, heads and sub-heads. In 
numbering ibe principal divisions of a paper roman numerals should ])0 used. Tlie 
nse of arabif' figures and (a), (h), (r). etc., is generally reserved for niunbering the sub- 
divisions coming under eaeli head. 


4. Artic]('s submiffed for })u}>lieation either in tlie Tjidian Jow'nal of Afjricul- 
f'ltrit.l or in tlu' Indian Jonrmd of Veteri'narij Science and Animal Ilmhandry 

should he accompanied by absti'acts for publication In AgricnUare and Live-.docJ: 
in lndi((. Absfracds should be (‘oucise, but should be long enough to explain the 
matter dealt with ; ordinarily no abstract should exceed 20tf words. 


>. When a word or liin' is inteiuled to bo printed in ikdm it should be nnderiiued 


witlt a. single line, in siM. CAT’, with two lines, in CAFfTALK with three lines, and 
wlu’n in aiitiQiie (lu'nvy type) with a wavy line (- ). 

(). In decriptiva matter, tiiinibers under i(K) and all tiumlxu’s occurring at tlie 
Iw’ginning of a sentence should lx; in words. 

7. Local names for cro])s, technical operations, etc., sliould be defined where they 
first occur in tlie fexf.. c.g.. y<dji (s]>rhig crop). The use of local v, "eights and mea.- 
suri’s slionhl be avoiiled as far as pos.siblo. Vernacular names, sn<di as jowa-i'. hajif 
shonld be in italics rvithimt a cajiif al letter, and eacdi such name where if- tir.st occurs 
should be foJloweti Ity it.s sr-ieutific ecjuivalent in brackets, c.//., jenear (Andropogon 
Soi'ghnni). It is usual fo write the initial letters of varietal nami’s, in eajjitals, r.//., 
Hiripetl Mauritius, Dliarwar-American cotton and Broach cotton. 

d. Botanical and zoological names are printed in italics and should be underlined 
in th<’ hlB.. Tfiticum ndgarc L,; Diflodia Oorrhor! Byd.; 'Pgrilla nherrans 


* .Spare copios of J.jistruotiuJiy can be had on application le flie Stn'ietary. Tni pci'inl Conneif 
of A^riculun'ai Hc,<ciU'(.'h (PoLlicatinn Section), New Delhi. 
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Kirliy, TJio. Tnioriiatiorinl Eiiles of Botaiiical and tlie International 

Biilea of Zoolo^i^ical Noinoiieiai irre sliould Be foiloMaYl. The names of choniical suB- 
stances should not Be written ivith a capital letter ; they are printed in ronian type 
(e.//., (?a]eii!Tn carbonate, prussic acid). 

9. Tlie following and similar aBBreviations may Be used freoly :-—vk., c.g., Le., 
nini. (inillirnetre), cm. (eentimotre), grm. (gramine), mg. (milligramme), c.c. (cuBic 
cenliraetre), sp. gr, (specific gravity), IB. (pound), owt. (hnndredv’eiglit), in. (iiicli), 
ft. (foot), o;i;. (ounce), mtl. (maund), sr. (seer), ch. (chattak). Otlier aBlyroviations 
sliould 1)0 used sparingly, if at all. 

10. Eefei'encos to plates sliould Be given within Brackets, wnthont prefixing tlie 
word “ see ” or cf.’’, in iho k'lS. itself, and should not Be loft over for introduction 
in proofs, Vor example, The parasite (PI. X, fig. 4) was present late in 190(1 

IL The word ‘‘Table” is preferable to “ Statement ”, and tables should lie, 
numbered consecutively in roman figures. Each table should have an explana- 
tion as a suh-hc£ul. It is more convenient for reference if tal)los can ho printed hori- 
zontally : for this pu]’po.se they sliould not exceed in wddth the piintiug measure 
of the page (5"). Example — 

Table IV. 


Res'ulli of v'aier-aavirtg expermenis on wheat {Pma 12) M Gungaqmr^ Ear ipm' awl 

SaxgodJm, 1916-17. 



12. Hefeiences to literature, arranged alphabetically according to authors’ names, 
should be placed at the end of the article, the various references to each author being 
arranged chronologically. Each reference should contain the name of the author 
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INSTRUCTIONS TO AUTHORS OF PUBLICATIONS 


(witli initials), tlie year of publication, tlie abbreviated title of tbe publication, volume 
and page. In tbe text the reference should be indicated by the author’s name followed 
by the year of publication enclosed in brackets ; when the author’s name occurs 
in the text, the year of publication only need the given in brackets. If reference 
is made to several articles published by one author in a single year, these should be 
numbered in sequence and the number quoted after the year both in the text and in 
the collected references. Thk of referencing is the same as is Used in the 

Bioolimnical Jmifnal with slight modification and will he clear from the following 
illustration:-— 

Tho work of Osborne and Mendel (1919, 1, 2) and Steenbook and Bontwell [1919] Imd indicated 
an association of the fat-solubkwitamin with tiie green parts of plants. Tins view was examined by 
Ooward and Urummond [1921] who reported that vitamin A was not synthesised by etiolated slioots 
bnt tliat green leaves %vere active in its formation. Another worker [Wilson, 1922], on the other hand, 
found that etiolated shoots if given in sufficient quantity could supply the fat-soluble vitamin and that 
this factor was therefore formed in the absence of light. 


RETERENCES. 

Coward, K. H. and Drummond, J. 0. (1921). BiocJiem. J. 15, 630, 
Osborne, T. B. and Mendel, L. B. (1919, 1). J, Biol CJiem. 37, 187. 

( 1919 , 2). J. Biol Chem. 41. 649. 

Steenbock, H. and Boutwell, R. (1919). J. Biol CJietn. 41, 140. 
Wibon, J. (1922), J, Biol Cliem. 51, 456. 


Abbreviations, as far as possible, should follow the system adopted, in ” A World 
List of Scientific Periodicals ” published by the Oxford University Press. 

13. Papers should be complete when submitted for publication. As altera- 
tions and additions at the proof stage cause both additional expense and delay, 
they should be resorted to as little as possible. In making corrections in proofs 
the recognized symbols which will be found iu tlu^ “ Standard Dictionary ” should 
be used. Second (page) proofs will be submitted to authors who should return 
them promptly. 


Illustrations. 


14, As the /omu!^ of the journals has been standardized, the size adopted being 
crown quarto (about 7|-"x 9 1" cut) no text-figure, when printed, should exceed 

inches. 


Figures for plates should be so planned as to fill a crown quarto 


4|X 


plate — the maximum space availahlc for figures being 5|-x8 indies exclusive of that 
for letterpress printing. 

15. Photos or drawings for illustration should accompany the manuscript and 
each should bear on the reverse side the name of the paper to which it relates 
togetlier with the title or legend, figure or plate number, and the size to be repro- 
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dnccd. When giving instructions I'ur ivdiietion linear measurements are under- 
stood ; tlius. ■■■ h;df--sij:e *' means rcHf nee to half the length and lireaflth. not half the 
art'ii. A photograph should not 1)(‘ roiled up, nor pinned, and shoidd ahviiys ho 
parked flat. A complete list of ])lates and figures' Blioiild always accompany the 
IW'i*' 

it). Line drawings should bo made with clear black lines on smooth white, yiaper, 
preferably Jdristol board, .Lough ])aper should be avoided, Oare should be taken 
that, ail il'U' linos are drawn lirmly ; seratehy or grey line^, j^roduced hy the ink 
being thinned down, are not in'i'missible. Drawings should be larger than tlu* re~ 
Lpiired size. Ail lettering sbould be neatly iind clearly put in, care being taken to 
make alHettering suilicieiddy large to stand reduction. 

.17, .For lialf-tone work, copy should be made on glossy silvmr paper and of the. 
samtrasize or laager tduiii the size recjttired, 

18. Dor three-colour work, copy may be oil-painting, water-colour, coloured 
pliotog.rapli or coloured transpareiicyi, and large^^^ the size required. Ju pre- 
paring copy, one shouhl use only the primary colours, in any combination, as only 
ijdvs of primary colours ni'c used in printing. Originals can he enlarged, it neces- 
sary, but tills should he avoitlcd if po.ssible. 

19. .For detailed instructions regarding preparation of illustrations, it would lie 
of adva-ntage to refer to Mr, (1. M‘. llutcliin.soids ariiolc mi “ Pliotographio illustra- 
tions in. the Agyiciih'urol Jounad of India, Vol. XI, Pt. 9, duly 1919, and Mr, A. W. 
Slater’s paper on “ The Preparation and Peprodnetion of Bcieutitic Illnstrations ” 
in the Frnevndintjs of the Thinl Entonndocjical MeMinr/, 1919, which has been jvprinted 
as BulJetdn No, 174 of the Imferud In-difnte of AgnG?dtut'(d- Rnneandi, Fiim. 
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ORIGINAL^ AETICLES 


■ rmmyimcK oj - iqtoe ENoi*]!^iiAi:i)-MYSLras in an 

INDIAN CAVALRY REGIMENT/^* 

1. lORTOliY OF T.1IF OOTimEAK, 

^ isv 

■.I'.HJOADIFK. 11 H. NORhKV, .O.H.O. 

f<.r]> ifllji.'liliil, -.Ill'll' i'MK’; 

('Wilii .Wj! ;i!ci| {v.'ij 1 ( .S’! 

One of tile iiios: diO nrhinsj; in vOerie.ny ruedA'-Hn io Incliiii., today, Na 

dii-iefise aincnig Iiorse-- ('.oroni only on Hod I’-araidi-gi,!. or 'i\rn| i ra. pajalysis. 

Fins norvuus diforder lo's lii'cn alf ri'ln,ii>‘d t o end ouiisos. raining from a 
viyetaliie ]juisoi! iis rei'd (-!' a lod vd'ion;!] da. ''K'ii'ihy to n 'I'Voii'in inloxinn.t-ion 
and again from jiii olj.'cnn* itijifiT iu a sounoia of eilhi-r an la-io or- iHido-eoppupc.nlar 
|)ara^i■^if: invasion,, as in tirr. ];!sr; plages of s’O'ni or [iiroj-Iis.-nnr.sis. 

fn fiiis ixrstanee, tfie ou(.]rre,ak of pain'diegi:?. extending' over a prolonged per.io'1, 
.gave tiro ]rat.ho!ogiht and elinieian a Lavonraltle ctp] tort unity to make future 
investigntioris and tirey liave given cvideiice io sliov tlrat, in this particniar 
iiiRt-ance, tJ.ioy wore dealing 'witli a disease analogous to one prevalent in Europe! 
and America, and known as equine e,iiceplialo- 2 iivclitis. 

Before narrating the history of the onthreak, it might interest the readexs if a 
brief aceoiint were given of the aetnal w'ork the regiment wvas doing at the time, 
and how tlie incitixmee of tliis disease! affected the fulhiment of a military 
programme. 

.Tt luni been arranged that during thcMvinter of tlfe Loralai (javalry 
Kegiinent and the »!u[liirulur Ciivalry Regiment would, e.xohange garrisons. 

This move, whiolj was 1o he carried oui. hy roail, neciessitated. a march of 
d5 days and 5 1.0 .miles, irhe “ ludfway honso was about- .Khanewal, lait it was 
decided that tlu' regirin.'nt-i sfiijidd meet on rlie .loth Novemhe.r at Dora f fhazi Khan. 
.1.7() miles ea^,t of Loralai where, t rani-'ijort unnld h.c e.ruiumged. 

Government ninle iraiispojt ■wa^ to Ihj used hetween Lorala.i and .iJera, Ciiiar.i 
Khan and hired hnllock i runspoi-t ]H*twe(ui i)erii, (fha./.!, a, ml Olmra., 

The march lietuiam Den, Gluizi Khan .-m-l ijicii'a is liMi miles an-l oi'ciques 
id (lavs. ■ 

In i,li<‘ KliaUeVod. .r>er:i (Jharl Khan au-l llakhm ar.-a. ’M'uli-ati luiy was to ho 
is.sned to Ihe units and west of Rakhni. hhoD^a sup])lied hy local e.ontractors. 

PutiifilK'fl with ilii! jenui.«H!f,n of Die EUiter, luij/nl Ar,>rif Vtlrri/Htrif C"r]>-'! .Iniiniti!. {uy vliioli 
tin’s ajlkie Vais i ir t^niuif-iy iufeitflci]. 


{ IStl ) 
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The JiilluiKhir regiment had been stationed there for 5 yeai‘s. It left on the 1 0th 
October, arrived at Okara on the 30th October and Dera Ghazi Khan on the Ibth 
November (wlicre it halted for 24 hours), transport ujiits wore exchanged and the 
march resimicd on. the 17th. This regiment in aceordane,e witli programme, 
arrived in Loralai on the 29th November, No case of eiicephalo-myelitis 
occurred in the regiment in .Tullimdur, on the line of march or since its arrival in 
Loralai. 

The Loralai regiment had been there for 3 years, and no case of encephalo- 
myelitis had been recorded in the regiment or station. 

The regiment left Loralai on the 3rd November and arrived at Dera Ghazi 
Khan on the 15th. 


On arrival in camp, Major “ A’s cliarger of 0 Scpiadrou was not feeding that 
evening ; next day, the horse appeared well and marched witli the led horses ; on . 
the 17th November, to Knreshi Camp, a distance of 17 miles. That evening the 
horse had a rise in temperature and next morning was partially paralysed. This 
was the first ca.se (Case I). 

DtSTRIBUTION OF INFECTION IN EaRLV StAGE OF OuTSREAK. 



\m 





Officers 
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Por (iDiivcni(iiir.o, the Jiistory <>£ t-lie outbreak will be iuto d phases. 

P/tayt'I, Tiie ;iua.reh betwouu J)era CxJiazi. iKIuiu audKiiaiiewal (ITtJi -:23nl 
iVoveittber j9‘;5J'?). 

T]ic rt\Lniiiout aiTh-ed at K;i.da.r}>ui' Ban ou tJie 2.1st, Kext iiKiriiuiji;, a charger 
(Case 2) beloHgiiig to Captain B ” oJ: C Squardro7i, which had been in contact 
with the iirst case, developed the disease. Tliat same day. on arrival in camp at 
Kabirwala, tliere were 3 more cases — a charger and prhaite pony o£ Major “ A 
and a cliarger belonging to Captain “ C of B ” Squadron. (Gases 3, 4- and 5.) 

Uptodate, all adfocted animals belonged to officers, 4 occurred in C Squadron, 
a.nd 4 had marched with led horses. 

All cases proved fatal except the private pony. 

The Officer Oomnianding of the regiment reports that at Kadaiqmr Ran oii tln^ 
22nd November, he noticed that one of tlie transport bullocks was lying down 
in a dying condition. 

Phase II. Incidence of the disease in Khaiiewal (23rd November to Sfh 
December). 

Tlie regiment reached Khaiicwal on the 23rd November wdaerc 2 troop horses 
of “ C ” Squadron (cases 6 and 7) became affected. 

The march was temporarily abandoned and an aq>plication made for the 
servicovs of a veterinary offi,cer. Major Heane arrived that evening and remained 
with the regiment until the 17th Aqiril 1934. 

Early on the morning of the 24th, as headquarters wing and “ zi Squadron 
had not had a case, they were transferred to a new camp 1 i miles away and on. the 
far side of the city. 

“A’^ Squadron was qucketted on the grass verge of an orchard and head- 
quarters wdng 100 yards away, the 2 units were separated by a canal. 

The 24th November was the worst clay during the outbreak as 1) horses 
developed the disease (cases 8-16) 2 of which were chargers of " B Squadron. 

The D. A. D. V, S., Lahore District, visited the regiment on this day and, very 
rightly, considered that the situation required the services of a pathologist. He 
applied to the Principal of the Punjab Veterinary College who placed Professor 
Bhirlaw^’s service at the disposal of the army. The Princijial also provided 
veterinary assistants for field work during the investigation. 

Oh the 25th November, cases 17 and 18 occurred and on the 26th cases 19, 
20 and 21 * 
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On l,Ii!* 2flfcli -Hovftinl)!:*.!’, as all sqitadroiiis wore now alfectod, it was considered 
advisable for adJ.Miiilstra<:.ivtv|HU’|>ases to transfer B and “ G ” squadrons to the 
campiiig area of .liead<|uarkn*s wing arid ‘VA ’Vsquarlron. 

In tiiis area, there was a 20 acre orchard of young trees, which, it is understood, 
is ordinarily used for durbars and fairs. The two squadrons were picketted in 
this,' orchard. 

On the 27th November, 2 horses in '• A ’^iSqiiadrori developed fever ; the next 
day 1 ill “A ” squadron and 2 in “ C ^rhis was the beginning of an outbreak of 
equine piroplasmosis. In 10 days, there were 34 cases, I'jater, after the regiment 
was transferred fo Multan, there were 3 more cases. 4- of tlie 37 cases developed 
symptoms of encephalo-myelitis. 

On the 1st December, in oonsideration of the outbreak of piroplasmosis, it was 
thought advisable to move the regiment back to its origuial eamp. On tlie 4th 
December, phoplasmosis died down but encephalo-myelitis re-staited. During 
the time the regiment was in Khanewal, there were 25 eases of encephalo-myelitis 
and 0 deaths. 

On the Oth December, the march was delinitcly postponed and on tlie 8tli, the 
regiment was entrained to Multan. 

PArt-s'c III. Incidence of the disease in Multan, up to the time of squadron 
isolation being adopted (8th December 1933 to 7th January 1934). 

During this pliase, headquarters wing suffered more heavily than others ; there 
were 13 cases in this unit and only 1 case in “ A ” and 2 in “ B the total being 
16 cases and 5 deaths. 

A ” squadron was picketted about 200 yards away from the rest of the 
regiment ; the liorses wore watered at tlios same well, altliougli, using different 
troughs. It would not be right to say that “ A ” squadron was under strict segro- 
gation. 

Phase [ V. Adoption of tlie squadron isolation (7th d’anuary to end of outbreak). 

This policy was adopted on tlie 7th January and remained in force until eaoli 
individual squadron was entrained to Jullundiir. 

ileadquarters wing was left in its original standings. B squadron occupied* 
‘‘ A squadron lines. A ” squadron and C ” were transferred to a fresh camp, 
ill this way, each squadron ivas 501) yards apart and had its own watering arrange- 
incuts. Cases continued to occur in headquarters wing on the 7th, 16th and 18tli 
(2 cases) January— -4 cases in ail. After the 18th January, there were no further 
cases.'.' 
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In A ” squadron, no cases occurred until tlie 21st January wlien there were 
B cases. This squadron had been free for 38 days. There was a case on the 30th 
January and one each on the 8 th, 9th, 15th, IJtli, 19th and 22 nd February and 2 
on the 18th Fehniaiy, a total number of 12*oases. The last case was on the 22ntl 
February. 

“ B squadron. — ^After an interval of 32 days, a case occurred on the 27tli 

January, 3 on the 28th, 1 on the SOU], 1 on the htli find 2 on the 7 th Ihibruajy- 

total 8 ( 5 ases. T.he last case was on the 7th Feinraaiy. 

■■ 0 ” squadrtw),.-- A ease oeciirred aft;or on interval of 53 days, on tlie 18tji 
January — ^whicii was the la,st ease. 

During this phase, there were 25 cases and G deaths. 

Information being received that cases .had ocfnirred in (.hirmany after an inter- 
val of 80 days, the squadrons were he.])t in siigregatioy and uiuier observation for 
3 months after tlie last case. 

The regliuent was linaliy eiitraiiKid by Hquadrons to Ju'Jlnndur, 

Total No. of eases 7i, ileaths 21 (mortality 29‘58 ])cr cent.). 

Mmarh — 

( 1 ) All horses had been in the affected reghnent 6 months previous to the 
march. . 

(2) Although the 2 regiments marched about the same time, over tlie same 
area, used the same camping groumls, obtained fodder and water from the same 
source, shared the same transport, yet cases only occurred in the .Loralai I'eglment 
which looks as if the, source of infection was confined lio this unit,. 

(3) No cases occurred in the mule transport, 

II. C.LINTOAT 4 OBSBRTATIONS, TREATMENT AND EXPERIMENTS IN THE 

3HE.LD, ETC, 

BY 

MAJOR 0. W. HEANE, B.A.V.O. 

Clinical observations. 

At the outset it should he noted that the clinical picture presented and the 
degree of severity of attack in this outbreak was peculiarly varied, and ranged from 
eases which fell down in the lines completely paralysed, convulsively pawing the air 
and banging their heads against the ground and causing severe bruising over the 
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uy% to those widcli showed onlj tlie slightest ineo-ordmatioii of movement in tlie 
hijid. quarters. 

In the large nmjority of tlie first . indication of any thing wrong was 

sliowii by a marked dulness and depression, and in all except the iiiiklest eases, 
oil feed, and aecoiiipaiiied by a stifeioss in gait of tlie bind limbs. 

. Tcmipemtiire was seldom elevated oil admission. ' 

Wlieri tlie disease was ilefinitely estabiisbed, the inco-ordlnation and loss of 
iiiustiidiir |;,M:)\va'5r in tbe bind limbs lieoame very apparent, ■ 

Tlie bind toes were, dragged ot the walk and the tail nearly always elevated. 

Iii.co-ordinat,!on was most notirioable when turning round, the animal appearing 
disinelined t(i itirn on Ids iLind quarters and when doing so there was a marked 
sinking of the loins. This was the last of tlie symptoms, to disapj)ear in the process 
of recovery. Varying directly with the severity of the attack partial or complete 
eensory paralyais in tJm liind limbs was shewn, seldom or never extending Bufiicient- 
ly far forward so as to cause complete loss of sensation and control of the fore 
limbs. 

In some cases partial paralysis of the fore limbs only was apparent—tbe horse 
crossing his legs at a walk and displaying exaggerated knee action and in all cases 
of fore or hind paralysis, diiring movement, the animal appeared to be feeling for 
the ground. 

Hyperaesthesia was pronounced in the early stages of an attack and then 
apjicarcd to jjass oil in «.inc or two days. Dilation of the pupil and twitcliings of 
liho facial muscdcH wer<i sometimes observed. 

More constant syni'iitoma were : — Pulse, sluggish and feeble ; incontinence, and 
severe cases, comphde retention of ui'ine, Faeces were also found to be retained, 
but without camstipation. The heart boat was invariably feebler than normal, but 
otherwise regular. , . 

In geldings the retractor muscles being involved in the paralysis, the penis 
would bang down out of the sheath. The lower Hx> was often paralysed and pendn* 
Ions. 

Urine at the commencement of an attack would be clear in appearance but of 
a treacly eonsistance, in severe isaaes sometimes becoming later muco-purulent and 
ofiensivo in odour, / 


1 1 H ill 





2!)l) THE INDIAN JOURNAL 01? WTEilTNARY SOIENOB AND ANIMAL BUSBANDliy [ IV, lU: 

'rvvo liorsDS sliowod sjaiiptoifts orJieiiiiplegiR, tlie iintdv tunied to oiio siiK* 

and able oiilf to laovTri'oiiiid ill a oii'clo; oiio of wliicli died and one rcc.ovcrad. 

(Jtlior syjiipkini'i siumdiiiiUiA observed were swell iiig of liofeli kind fetioeks and 
puiidysis c>f tlie jaivB. 

One case only developed cranial symptoms wliicli appeared in tlie nature of 
fits ”, with twitekings and contractions of the muscles of the neck, the head held 
down, and finally falling to the ground, unconscious and straggling. After 10-15 
minutes, the horse would get up again and appear quite normal. This aiimial even* 
tually recovered. 

The large majority of fresh cases, as they were discovered, showed no apparent 
relationship to the previous ones by having been in contact with them in any way 
ot: at any time, and cases of actual incontacts developing the disease were rare. 

In the last stages of the disease twitehings of the abdominal or pectoral muscles 
generally supervened. Every oases which collapsed totally in slings unable to stand 
oven with their supjiort proved fatal. 


From what I have seen the critical stage of the attack appears to he somewhere 
about 24 — 36 hours after the commencement of symptoms/ It was foimd as a general 
rule that if the animal could be kept on Ms feet up to 36 hours by means of slings, 
in practicahy every case recovery followed. Once the animal^had to be left out 
and was dewn, however the- condition lapidAy became worse ; but so long as the 
aahmal eouid staaid; on his- fere legs and had the slings to support his hind legs and 
to preserve his balance, after 36 hours his chances of recovery stood high. 


Prognosis AND MOETALiTV. 

x4.t the commencement of the outbreak from 17th to 24th Hovember, before 
comprehensive routine treatment, slinging, etc., could be put in to practice, the mor- 
tality worked out at 80 per cent. 

From that time until the end of the outbreak in the following February, 26 per 
cent, of cases only were fatal. As a general rule those showing only slight symp- 
toms when first noticed were fairly certain to recover under treatment. 

In the case of those showing severe symptoms at the outset, which in this out- 
break may safely be estimated at about two-thirds, prognosis is difficult. 
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Ti«3ATMENT.- . ^ 

in iill Iml, Viuy mild c.ascs t-'liiiging was rest tidied to iniiiietliattdy on disttttve.ry. 

Tint type of sling iioiistnioted was us shown in Pinic XVTL ” iiold ” 
use it proved 100 per oent. ofletttiA'e ami wliile aHe to support the fnll weight, 
td' t]i<‘ aiiiiiial's it had the additional advantage over the <nthodux, hook 

end ] '.alley sling that 'balance wa.s mu<*li <aisier iBrdntained by liaviiig eoin])lete 
snj.ipf.rt oil eitkir side as W(dl as in 

TlKvfraine-work eonsistcnl iiuiiely of stoiit wooden posts ahont 0 feet 0 inchoH 
higli, the only detachable parts being a short post at the hrttast and, one at the croup 
wliic.li we:re roped on, to the uprights. 

The sling itself was made from good strong sacking. Ifoiir holes were made at 
each end through which the rope was threaded and the holes stikhcd round witli 
stout leather to p,re vent tearing of the .material. A rope ou eacli side was then 
passed through tlie rear hole and knotted the free end passing over the top bar and. 
down agai,Ti through the next hole and .so on, so that the sling could be tightened or 
loosened after tlie manner of a boot lace. Breast plate and breeching, also of sack- 
ing, kept the sling in position and were fastened to the sling itself by means of 
buckies. The standing was bricked and with the downward slope forwards in order 
to take as much weight as possible of! the hind part of the body. 

Eoutine method of treatment which was carried out in all cases on admission 
and subsequently as a daily measure as far as was considered necessary ; — 

The animal w^as first placed in slings. In the early part of tlie outlireak blood 
smears were taken and examined, all wdtli negative re.sults. 

Twelve ounces of mag. sulph. was administered by stonnuh tube. The ri^otum 
was emptied and an enema used. Tlie catheterWas passed in all (iases, male 
and female, and the bhulder hivariably found full. 

Towards the end of the outbreak the efeect of hexamino (urotropiii) was being 
1 ried for its curative properties. Actually only the last six (.iases received this drug 
but all were severely affected and all recovered. The dose given was 25 grammes 
daily in 2 ounces of water, intravenously over a period of 4 days. 

Previous to this drug being tried cases were being given subcutaneously, serum 
taken from the blood of convalescent and recovered cases in doses of 2()0 c.c. on 
admission and subsequently 100 c.c, daily. In the more severely affected cases this 
did. not appear to have aii}^ appreciable benefife but in all others recovery was defi- 
nitely more rapid than otherwivse was the case. In order not to confuse the issue 
the iwlmiuistration was abandoned for the time being for the purpose of trying out 
the effect of hexamine. 



Experiments and ceneeal observation in the field. 

The disease appears to attack all classes of the horse irrespeotive of breed, age 
or sex. 

During the period in which the disease was confined to Headquarters Squadron, 
on the recommendation of Major G. A. Kelly, R.A.V.C., D.A.D.V.S., Lahore District, 
it was decided to test the properties of serum taken from convalescent and recover- 
ed oases, in a prophylaotio and curative sense. 
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From time to time the following agents were used in the treatment of this 
disease without any apparent benefit whatever 

Strychnine, adrenalin, morphine , arecoline, calcium lactate, 2 drams intrave- 
nously, naganol, 4 grams intravenously, normal saline intravenously. 

All cases if they were able to walk at all, even with the assistance of 4 or 5 men 
to support the animal, were given forced exercise daily. The efieot was very pro- 
nounced-— after a few paces only the improvement in gait was apparent and this 
form of treatment I believe to be of real and lasting benefit. 

For this purpose also two blocks of four loose boxes were constructed from 
posts and planks only (Plate XVII) in order to allow convalescent oases to exercise 
themselves. 

Several horses that fell down in their own lines had to be brought to the sick 
lines with the aid of two bamboo poles, one pushed under the chest and one under 
the abdomen and a party of men on each side were able to raise the animal on to 
his feet and with the poles still under him, led forward slowly to the sick lines. 

When the case was considered hopeless, destruction was carried out by means 
of chloroform to admit of the brain being removed intact. 

The process of recovery took anything from 3 weeks to 2 months. 

Post-mortem CHANGES. 

Naked eye changes were very few but fairly constant. 

There was always evidence of a mild gastro-enteritis occurring in patches. 

There was always present cystitis of varying intensity with thickening of the 
bladder wall. The spleen was found sometimes to be considerably eiilarged. 
Vessels of the cortex of the brain invariably showed some congestion. 


1 



rtio serum was prepared as follows :--Aboiit ojio lifero of blood wars drawn ou 
from tbe jugular vein inir* a. stwile flask and tlie ]>]oo(l allowed to cdot an, d fcbe 
s(3ruiii to be expressed i]i tlie noriual way, eaoli litre of bluo<[ yielding about 350- 
41)0 c.c. of serum. A,fter 24 bours tiie serum was drawn o:ffi and to every lOO c.o. 
was added 10 me. of a 5 per cent, solution o.f plienol. 

As a.n exporiinont. half the nrnnlxvr of the borses of IlAadf] narters Hquadron 
apjfroxiniately bu wes-f, ;j;iven lOn c.e. of this seriuu in an att<;mpfc to coufor on them 
pussis’e inimuiiity. 'I'h/ njsult i.uifortuiiatMdy eou]<l not be oousidere*! in any way 
emiclusive as fi'om the i-iuo* l.heso iMoeulatioMS were caiude(l out im further <;iises 
occurred tlirougliout llui wboh', .squadron, witii tbe exception o.f one whitdi ha.d 
received serum 48 bo rrs previously aud which was un'ionbtedly well advauctsl 
in the incubative stage. 

At one pericHi the |,H.msibility of an excess ol havu grass {Sorghum JIalcpiuhsc.) 


in tlio hay, said to have a oyanogenetic 
thci d.isease, was, consid.ered and it was dec 
one selected horse. 


5 action, being in some \vay r(^s}>ousil>le. f<,n- 
.udeci as a test to feed this grass only to 


The Grass Farni at Multan collected about 60 lbs. of bam for this purpose. 
However, the effect it had on the animal appeared to be nil. 

Food deficiency as a contributory factor in the cause of the disease was also 
thoughtto be. a. possibility. 

By the orders of the D. D. ■?. S., Northern Command, a supply of mineral 
feeding flour and pot. iodide was arranged for and was given daily to all horses 
in Headaiiarter SQuadfon. 2 oimees of the flour daily beiiie mixe 1 in each mid- 


ment;was not proceeded with further. 


The period of incubation and method of natural infectioii is not definitely 
known but the fact that on one oecasion after “ A ” squadron had been clear of 
the disease ' for nearly six weeks and 14 days in isolation 3 fresh cases appeared 
in the squadron at precisely the same time, not incontact with one another in any 
way, seems tu indicate that tlie period of incubation, Whatever it may be, is cons- 
tant, and. to the possilulity tliat it is spread by some comjuoii transmitting agent 
such as biting fly or mosquito. The way in which fresli cases appeared usually 
having no a].)])aren.t re]a ti.ons],iip with any previous ones would also tend to sup- 
port this supposition of the means of spread. 
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innd faten from a Iiorso in ihe a.cutt 3 Bfan 
f^pinal canal of a Iicaltliy animal, 

was removed W means of an intrafcliecal 

tjme.^ An experimental liorse was tlmu thr 

^ of spinal diiifl injected intrathecally. Tliis 


Anor-iior expea-miental liorse 
.slings and watered from tlie sar 
fo the liealtliy liorse ’s moutli 
effected case. Tin’s also failed 1 

In two cases, acting on tlie 

of oerebro-spinal fluid ; ’ ’ 
with an intrathecal needle 50-00 
effect. 

On the 2nd February 
the Fegiment was initiati 
As a result 


was placed alongside a rece 
:et. iSali va was also transfers 
grass given contaminated by 
.0 conimiinioate the disease. 

supposition that possiUy an inorcio 
might account for the dietnrbance of co-ordina 
' spinalfluid in each cas 


sdiuc ramug ot evening temperati 
the recommendation of the D, 
in the nature of the disease cami 

symptoms of paralysis. ^ ^ 

intervals "T 

temperatures 10..» lOoT 7 ° T' 

but not sufficient!, severe,, to 

These were tl.e last cases to occur in the Regiment 

and m a,, oases which developed the disease, swcLrrfwhl^ 

oiood smears from all 

•‘A I'm an tiiese cases were -i.. 
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llHd ras.scoi)t-itiucd unci UiispreliminaTy fever fomiat(.I)p a coiiafeirt fee-tor. 

1 - 10 method of l■outl•«l would have Irerai very iimoh simplified. Apiiu, lad furtlmr 
ciisfts oooumal It was iutendod for the puiposc of definitelv determining whether 
or not sermu ],ud any protective value, to regard u.iv rise of temperature as a 

premomtory symptom of the disease .aud give each one d(NI o.e. of serum either 
Hubeiitfuieously <.tr intravonouslr. 

It IS just possiWe tluit tlm smm mny he iii ih<. blotul stivfniu.iilv 

( nniig tlijR fobrjlo iHTioci aiid thus riuikmg infective to otisers only at 

ilns t,nn(> ivliicli iniglit acconrit fur tJie (iifficniltv of infecting a healtJiy aihinal from 

a diseased one by experimental inetbods. 

; It was unfortunate from the investigation view point, that the outbreak ceased 

just at a time when the clinical study of the disease had reached an interesting 

stage. . . . 

gmcal coiKlitioii.s of climate and humidity may have some influence on the 
activity of the virus and cold and dampness ivoiild appear to enhance its virulence. 
More case.s occurred during the real cold weather and when there was dew than 
nt other times. The very lerge mujoiity of cases were discovered in the earlv 
mornings. The disappearance of the disease coincided with the befnnnimr of 
warmer weather. 

The question of whether or not immunity is developed is iiitereatim- It is 

not determined hut the fact that all cases which did not cud fatally to .all ,1,,, ear 
aiices recovered completely and that none have shown any sign of relapse seems to 

lend weight to the supposition that immunity is set up and tlrnl in consequence 
the serum has some clinical value. 

The possibility of riRiovered cases being “ carriers ” cannot be ignored. 


Jli. TA'rnoj/.Ktlf.iAL lNV’K8Tia.ATr<).N OF OrSEARK IN’ .IfOlhSES OF TllF 
JdTir lyANfTlliS AT KHANEWAL AN.D AIULTAN. 

BY 

J. .F. SHIRLAW, .M.R.C.V.S,, 

./Vo/b.sAf,r of PalMoyn BavhirU,htfy^ P-nvjuh Yekm.anj (vlief/K Lahore. 

The report deals witJi the com plele investigation into tlie outbreak of nara- 
p]eg.ia affecting the horses of the J 3 th Lancers. Mention is made of the initial 

.steps which have been taken to make an attempt to arrive at a diaguoshs. and the 
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writer is in a position to record some very aeciimte iiiformi 
essential natnre of the disease and am aceoimt of vai 
oeen taken to establish a diagnosis. 

Throughout tlie course of this outbreak, the writer has regi 
pathological tissues as he considered 
of every horse that either died 

It was decided, as an f 
I>ossibIe concerning the post-mortem 
changes oeeurring throughout the 

In all, 14 horses were subjected to ( 
of these horses are H. 156, H. 159, H. 332 ,11 
11. 103, H. 515, H. 288, H. 416. H. 
that the macroscopic appearances were 
striking feature of the post-mortem 
•j)athological picture. In one 
casual observer, be termed 
inflammation of the 

appeared to contain more blood than 
inflammatory process. The spleen seemed g 
not distended. The hidneys appeared siipe 
streaks of hsemorrhage radiating from tl: 
contained, in most cases, urine of an altcrefl 


received such 

necessary, and a detailed post-morteiu aeooimt 

or was destroyed Aw- 

initial step, to obtain the most accin^ate iiiformation 
- - - V - j appearances, and secondly, the essential tissue 
organs. 

' examination ; the numbers 

^ :i. 282, h. 149, a 4-2, h. 513, h. ss, : 
286, H. 312. It can be definitely stated 
practically identical in every case. The most 
examination is the relative absence of any gross 
or two cases the fiathological findings mightj to a 
ne^tive. In the majority of cases, a mild catarrhal 
gastro-mtestmai tract was noticed. Th« 




.ENCErHALU-MYELlTIS IM AH' INDIAH CAVALRY EESBttiHT 


7 “ initmiietires Leiow tiie meamges, separafciiig this 

inraiic i:r<>iri thu opHadynia. In oiin case, a kuo mmiiigitis with the proHemnyol; 
u\udate ill tlie menmges wjia noted. Tlie spinal fluid was in c\n:ir}rtaise cdear 
not increased in «pnintity, and on exaiuination Utere was no inereaso 
^ellidar content. The fimd appeared HoodTinge»l in one or two cases 
tins wan probably mused by Mn, acchhn.bd iripinro of mpillarieB! 
preF^nmol: baeteria could not be detected in tldsfluitl froi.i any case, either by 
d microscopic (:Lxaini^^^^ or by sele(;tiv(^ nuiturai inctliods. 

1 he spinal cord showed eitlier extoiisiviyor pidnhy lianuorrhagc iimler the 
mges. hamiorrhagcs extendiiig b> <-oiisitiemble depth round the nerve roots, 
ni some mses, a gchitiiious exudabounder the diimmaiAt' 


IIAGTIOEIOLOGICAL EXAMINATION. 

The foliownig materials from post-mortem case.s were examined in every 

(«) Brain 
(6) Spinal cord. 

(a) Spinal fluid, 

(d) .Blood. 

(a) Liver. 

(/) Spleen. 
ill) Kirlncy. 

(/«) Bluddor. 

(r). Urine. .. 


ca.se 


Tissue llhns were |,irej»ar»i(i .tKoii nil flu 
could any bacieria lu,* (h'f eeled. Tiu* c.xud; 
to be negative on examination, Tlie cultin 

fa) Bhual agar. 

[h) i.'oagu jilted fdooil scrum. 

(c) Mamiorek serum medivim. 
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wlir Irt sterile tubes eontainiiw flixids siieh Ki a,-, i s j i 

i-nMed afe o„lt,™a -d ce™b.o-ap,„al daid w... al«o 

olitamed, Bimflar in tyjjfl ill all oases Thia « . * ®l'''“Ptocoii(;ua was 

to test out ite Xule,™ | ti^ orgatiis.n 

efTeot wbatem, 'The mo«f r V " <• ^ sliowed no 

of bacteria wliicb could be 

«A-ami,iation for protozoan parasites was , Native «'S“'fioa uce. A .similar 

Ts.4nsmission exp.eeiment.®i. 

’’he* were oommenoed Sim, iltaneoiBly with the mole , ■ , 

faons. One college horse was inoculated with 6 c ^ 

mortem from horse Ko. 156 u 5 ox. of blood removed at post- 

and a second horee was moonkted withTIo. oHer November 

fbis method. At this 2ie sol In , l>y 

affeeted animals, and it was decided 

aumxab eueh as rabbits ancrgiHneani., with 1. f “Parental 

bad succumbed to the disease. 4 ,4^1 part of tf”'”-* 

ing similar animals on IP,.,, / •. ’™cut consisted in food- 

•-;-i..h...,,.».z.':2r:. i- 

carrjed out for a period of fifty-ai^^^ ■ inmds. ^ Tins oxpermienf; was 

The possibility of forage poisoui'ig was the,, c'onsi,] ,71 "'"T T"'"""’ 

inoonjunct,® with the Chemical bhyaminc,. to the P i'e 
tbs possibility. An cxamiTmtimi nfH ^ V to elucidate 

consistently negative for group alkaloid 

m such specimens. Tiik arsenic was (l.iicoted 

could be traced, .tt was repor^^^^^^^^^ ' 

amount of arsenic prc.sHrit ooubf not },.!*}! uT''' blvamincr. tha,t tho 

About this time, as the res,.roV;4 , '"’'.‘"''i" ■■'"■" «>™1“™«- 

attached to the possibility of a mterabl^tiiX^e'fir'', "l 
lesions of the disease ,ve,-e ohieHv „our,„ed lo fl, , 

rontme, therefore, to preserve the brain 



ENT.iJ HALO-.MYKLii'hS l\r AN fNItfAN OAVALKY ItECJIMENT 


:inrA\‘i4:4M:t(?iil!7 witJi 2 e,o, of 
i t.Iiat Jiad,,bee». destroyed m 
iii til; fiiiid \\’'o,s riiinoYed from 
wore, whicii miglife b© likelj to 
•orse, who wed clofiiiite signs of 
!rsn,‘st.li)3sia,, inco-ordiiiation of 
he fluid iiijoeted wj.is biicteriolo- 
.’6, o4,id tile iiijecttion had iieon 
•ar its poyerings. The symp- 
hioo-ordinaiioii was noted for some 
esperimeiife is rather dillioult. If the symp- 
.eou caused ty injury at tlio time of inuuulatiun, one would 
-:^ - vamore intense natnre/ aiid of u more protracted 

^ in the fluid 

were rosponuible for the mauifeef ation: of dieeak ■: ey^pW wS 

writer in naturally oceiirriTio' 


snowed, signs of hyp 

moYemeut^ and general symptoms of nieninwitis. 

^ gHJalfy sterile. There was^ nonievatiori of tmnporad 
l>«r onned without any apparent injiuy to the ciord 
■oms abated within three days, but a definite 
time after. Tlie interpretation of this 

toms of meningitis had 1; 

have expected to find them of r -- 

<himtion. A possible explanation 

^^iid tliat 

This oxt»rimBur,TO<. r,,^ 

The most strikinf; and impovtaiit iiiotsiihatimis 
yrn thoso m "-I.ioh brain mnuisio,, p ,,pam,l frmr 
that had bisni ,i„stroyed ia aimnh was nsod 
yerirnont. 'I’iK* !,„,»« wore many «.st,Am 
health and action. Thu first horse was trei:il,i,K 
dnraniater with a few drops of the stiliuo brain „i 
mocnlat-ed: Bnlniiitaiieottsly in the firen of the lofi- 

■rrir 

t,i, theedly, 11,,.,,. rnoenlaiions were perrornied 
Iiorae mocilatsl infra, hiraliy sIiow,,,| ,|„fiuiio 
movcrneut on hrith .lamiaTv. mni on (lie .same d 
temporal region slewed a similar inen-onlinafion f 
“ '*"f-'gerated type, Tlie thml horse failed 


with entirely negative results. 

erforraod on ex|>erimei)ta.,l horses 
tin acute case ot the disonse 
'liret! linrses were ustMi in this 
od condition and w* uv, sound in 
I and ivas inoculated into the 
Tilsion. ^ The second hos'se was 
emporal plexus aiiVl the third 
porf.ism of Iho brain emulsion 
u the nth dannaiy. P'fii, The 
vmptunis <.f inco-ordinaiion of 
the horse inorulatod in the 
movemoiit of the hind limbs, of 
to react. This inco-ordiaation 
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Ki'uihuily l,e<«no progre»,ive and for soine little time liyperaestliesia with lose of 
the^ C.n, la, ' reflexes was uobcecT in the Horse that had been inoculated iulradorully 
I l.e,n«Mwdu,ation consisted of a ,,^tensor group of museHe 

olthclundlmiba. Both animals showed a peculiar dragging niovement of the 
.piarters ditho,iltyni tiirnmg.c “H ««> I'Vpical 

.symptoms ot the disease wlriel, had been noted by the writer at Multan. 

- chloroform on 5th ApriH934 and tissues ,eere 

inocllitd inlV destruction the horse 

in , -1 ■« , T “{PMV was showing slight inco-ordinatiou, while the house 

nocidatod ,«t a, ur.a% was sound in act, ion. B can be deduced from this import. 

it was possible to reprodoce the 

] ' ’ A,' . tlio ]ior.se. A (lefi.Hi|ie i’Hiiibatiioii (lays olap.sed 

hOTK^XcLy T “*‘T cyiiiptoms, and the fact that both 

horses developed symptoms on tlie s,imo day is of further importance, 

EaSEKTIAL PATIiOLOaY. 

or«a,mvdth''ve/rsli!ht1 “n'”*” «« parenchymatous 

ganswitl te y slight changes 111 the slruoture of tin, organ. Jn about foalf tho 

Id It IS pi olublc that apparent degeuei-ation is caused more bv post-mortem 
ohaiips « 1, mh , arc always rapiil under tropical conditions. A gi.,.at dilUculty in 

obtamiiig iresh tissue is caused by the simiil,. fact ti,.,t tl.,. .'A ‘ '“''intj m 

decomnn^M ‘If « •, lact llud iiio ('.oiimiencey to 

iiport., I, t point whether parenchymatous degeneration, Iocs occur Tlie most 

n ^.mnt pa hologioal change, one which is express,,, i throughout all th^ bsls 
oduf 'if “ r'““ <luetoll,o.sechaug„s ,|,at Inemm-rha.m, 

and result , '* ™''-'‘Cuto endarteritis which is slowly proorcssive 

arterioles ocmirt ^ris 

i« accompanied by a venouw stasif? Thrt . • ' ' afttcting artcriolop 

of blao,l that they spontaneously rui, tare: catisin c foLsfit.kTl T 
m highly vascular organs like the apleeu. aro v«rv" i'vteiHivu S ' 'T!' 

break-down of tte vascular system of the spleen tlrn ir t ' ? ” 

m 6 per cent, formaline appear like blood clots.' beinn ^,‘^01 TV‘'Tr‘"'' 

oonaistense. The hemorrhages in the meninges may "bo '.l:: 



KN(UOJ*HALO"JiYKLiTlS IN' AS' TXJ>IAX r.VVAUlY IMCrjfMWN'T 


V .'M ..uiM.umy pivsHit-: .-uirl liiay rxicjid uinl-r llir* phnnatrr. 
i'i.-Xilv iUid in M dKpiIp (lin>u:.il) !.]m‘ MlJci uf ihv. 

niv 1 hruu-imni id,, e.ni surf.u-o <»f f ho 

I inh,.. th.> pnhs. lliahiinns ;tnrl llio 

llnv u, riH-^.HviMdlun!. In i|„, .pi,,,] ,,„,p h,n)iiun]us,ovs .‘xinn,! 
h'. Thry may l,a ! h- fiunurininr 

•'ndin^- luf a run..;,!,M'ahln J.jyaiir.a Tin- ia-n,- Tunis IHOV 
* i|;i'..;i"' I iS;i1. pio-Uii'u fiucj'i i.uis (»f lliu Huj-Vf! 
’“•■IS. A ai.iidy (.| rhf-u rmivihu.-. um,. iliut, ii„. tiurvuns 

hisua.u :uv ].;u'iiy due to thesu hammi ocoiin'iojT wil hh. <.r 
S!ur\'.* Sl.riiel !!!'(■'., 


'•U'clUlti iliu UuUu luut 
nud.u- liiM piarn.ilur uvt, 


!ii oniudive^iaH. ahuiif flj,, ilisuase is (thiiiiued friiin a miCTosoopu'-a.i 
th(‘ hrsisn. Ai'lie pu].il]arhK and arluriejus uf the choroid plexiis and 

'!)■'■ u-Muhnd uuT'fuv iitv liiirhutiuil and in i Ih-, majurily uf ua.su.v 
'Ponru.^eidar iniilt rai iut. uf m.uiunuclu.ir ,-u!!s. this inliij radon 
Hii hiuitui/iij) cud;-,. Ill lie; iuinority uf eases tJds inljlii'atiun or 
‘ ait.erirdes aiiri «;aj>illa!‘ies is not' so well 'nuidced. lait in tlmse cases, 
idve. diilnse innliruthni of the netiruj|!ia. There is u degeneration 
dls 11). the cerehnii cortex and a degeiieridhm <d the etdls of the 
oil iirkinje I lie degeneral ion stflVehs diieJiy the nnidei of fclio 
•rai appearance (*f tlie microsi-opic lesiu.ti in the drain tissue is very 
VM)rii,e.j in infections with nenrutrojiie viriis».‘s. the only difieronee 
‘ latter .hsease. hfcmurihagiis are Jiot encountered and iiitruniioiear 
, as - .huKtr-Degeu ’’ hofiies an* found, in this disease sndi liodies 
M-en flouhtliilly tn on,, ujcse. it is notewo.rtliy in this eonnec.tiou 
< .I'.C'i n eie acute, vv heoias in cases of Ihu'iia disease, t'lu? svni]>t.eni.K 
re ot longi.f diiration. In e.xatninuf.ion of a. few eases a <lelinit.e. 
(.xndatiuti was fuesent.. I his je.sion was nioru coumioa io t.lu. 


exaininai Hni uf 
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On SU.I, fni.lings. (J,„ nj.pam.t anunj JualtL of the animal and tie freedom 
horn iivjvoiis cojiiplifiutjons .seuiiKjfi ti std-iking feiituro. 

The diaeaw, ai,i,oa.rs as a si.eeilio moiiinoo-eneeplialife of the horse. T)iis 
disease, or a ,1, sense of a sniidar iiaf„r„. has been described in manv eoiintries • 

the oTtbrJil' 'irf i,"b ’™S >™™go-eneophalitis of the horse.' 

the ontbie,.l ivh„.I, .and m ihe horses of the ISth Kegiment beers a very 

senb\7e,Td!w^'V''^^ 

. y nttai pthas been made in imenca t,o elucidate the essential pathology of this 

“ “ — ">■ »- 

I J; 

meningitis or diorna” disease ^ 

assumt epizootic erraotcrs Tml irifTi", ™ 

interyalB of every few yeard TI- ' -'i incidence occurs at 

climatic factors tT ^1 controlled to some extent by 

chmatic factors. Ihe disease a]ipears infectious, although one of its 

w.«.i i„ at.,.. cs; tt 

OCGiir only on otic ]>arfc of tJie hrm I n 

Veiy little is known cuncGriiiijo' tlo' 'f'T‘'ni(;rni<.i oJci t bi i- 
conditions. Infection is possibly by tv i " T. T “ 

attaches to tlie uv-d but a very strong suspicion 

disposed to by a m'iWga's;;.::^;::;,:! IZ, “‘hw"'"’' T ”’'“' 

convey the infection, and small animalR siicI '“g "'der 1ms been fouml to 
generaUy, and even birds are s„« * m “'O'-- rodents 

>& attempt! to' ^y^7e ttl^ral^lgicc' !ffotrbl^“Sr’t“‘®' 
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»>v.-»'«l.lyinroet:ona 

It -, !■ , ' i'- "-"‘'Iiy 

PIi.'iIo-iiivoLk 'll,. h? " I """ »i«»i"go-o‘i<iO" 

"-'‘'■■'I- \ ‘’"’"k' 

liit'i'aiu,.,, timuimt 

ho ii*. i'.. I ( '* ” ’ ou it) liujy 

•. ■ '* .1 jt'.H |j iiriil is. aliJiiiuiiJi ia other 

TfiMe .a.- I'ujniMis 

i lli„ \\ j pi I* j'.i I , . . I.,, i: I ' I J 

‘ Boi'iia '■ (Hsa-f hit h hraeiieunv ichaitmal with 

^■*^nh)iai.f.ortani,eharn.etoas. 

sv.sh'nt. Their- i- ‘i Vii' h- i *'*. neutral norvoiiB 

throiielHou (ie- hrh' ■ 'n,' h-'r-iuarrhagos are 

a lieiiaeii Tenva. h-.- ielilVphi/r. ,^.'7 

the fiH;i!hia}.i!hnies inaj Mha- im..i.,,-<! ' 'I!"'’-" ' ' ^'huruKl lex us aad , 

'r*' ''' '.) tJiruiigli ilte gr,3v 

■'u(.joj.ie,i,,iujo'tai iiEeiiioiThages inay 'be present,' . 

^■•lll«l. "MiouUi Ilutv,)) "Hfiinges is not 

■)|■IlltilmlIs Mvcii'i" Tl,...; , 1 '."' '' I’'"-'-'''' ‘’"«isi<>'raliy slinw 

h iIh- Iiriiiih '■ ‘ y- •■' "''I'' iioirki'cl mon'.iiudi.nr cell inlUtiation 

liii.ov., ,,S ,7,„,ij.>,, ■ "■ '"ri,m,o„,nr iu,,-l,w, 0 i,.s 

ral,;,., ,-|„.v of |.,a)i(is. As in 

.nil.lioni .,;s M.at,-. Ifuit l!.',ueji*.r;ii M,ii nlh'iie .-.M'-.. I . . 

I'Hnal in -.ii,,,,;.,. •» is not, 

'th!T'' r'"''"'',-,"'.'"''' 'I"- i'l't'ortr.ll'n of .loost. I leg,,,, liodi.is, claim 

!,tL, " ..r uc-vo calls in - IWnn ” 

B* hiil-r. 0/ Jiiau.'-roiis utieiupt-' of nu.!kei,s, io thv -.,.<1- 1. c.- i .t • , 

etiology, it- i.'^ g<oierallv eun.sideir.l. lit flu-tiriw- ui d-'iv ' ' V >aotei-ial 

'*rul diploeoeei which' ,-10 1 .- I. h-n I " : ^ 

horses are oi. ao iui]K>rt;iut.r‘. ui.^casea 

It. has heea .lehaitely ]u‘uved i.luu-. “• .Borua 'hlisease is due to a aeurotiW 
unis ^^]^f•i] p,)piM-ss(-s a eltisit afliiiily to the viruses of vesioular stomatitis nf '■> 
K.ise, oupuig-ii} of t^heoji aad opkimm poiiomyelit.is of the faiman subject! 


liiityra, aud lU'arek n-are uku 
aluiig with slight thicKriiiiu: of tJ- 
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"J'iit; \jrus is |)a!;J] 0 geEie rablwts, rodents ajid iuonkeys, while 

f ases ar« on ivet/ni Mdtere riian lias been accidentally infected. It seems diffieult 
('X])«*rimen{ally iDinfect liorses with the viriis, and German workers mostly incline to 
Gie oiUTiion i lint this cannot be directly done. In other countries, a successful 
dii'efij. irnnsini^isioii of tlie disease from horse to horse has been eilccted. 

The disease in America is analogous to tlie. Fremrh form of the disim^^ 
dt'scrilied by jlfonssu and Marcliand. German workers maintain that theMoussu- 
Mnrcliiind form is quite distinct from their conception of Borna - disease, 
filtliongh Freiifh workers do not accept this opinion. Tlie trend of thought would 
seimito indicate, that the virus producing meningo-eucejihalitis of the horse may 
(W'ist ill an organotropic form as well as a neurotropic, and accepting this 
possihility, a r{'ndy explanation can be found for tlie lesions ■which occur in the 
Koussu-Hfarchand type of the disease. These lesions consist essentially of (1) 
degeneration <»{ the parenchymatous organs along with limmorrliages. 
Heomorrhages also occur in the brain and spinal cord, ( 2 ) joest-3i)egen bodies 
are absent. (3) The nerve cells of the ; brain and spinal cord show definite 
degenerative changes. (4) It is found difiicnlt on intra-cerebral inoculation, if 
not impossible in the majority of cases to transmit the disease. 

These differences appear on a wide revioAv of literature, to be more of degree 
than of kind, Manj;" workers mention hemorrhages in “Borna ''’ disease, as 
well as infiltration and destruction of nerve cells. 

Apart, from the acceptance of Joest-Degen bodies as being an essentially 
typical feature of “ Boriia disease it appea.rs difficult to accept any detiuite set 
of p. m. lesions as being typical. 

During the emirso of one oiit.hreak, Inemorrliages in tlie Inain. sfiinal cord and 
parencliytnaiouH organs may be present or absmit. I’lub absence of any ]>. m, 
lesions at all is. in some cases, the most striking feature of tlie disease. The 
lesions in the lirain and spinal cord arc constant in the majorit.y of the cases, 
but variations may occur. Infiltrations may be extensive around the cajiillaries. 
or absent, in which case the brain Bubstauce shows a diffuse, mononuclear infill ra- 
tion. The one. definite and invariable lesion seems to be a slight thickening 
of the meninges, without exudation, and those changes described in the blood 
vessels. In chronic cases there is a formation of new tissue in the mmiinges. 

Referring again to Hutyra and Marek, there exist a form of enzootic s])mal 
paralysis of the horse which is characterized by multiple capillary haemorrhages 
in the various organs, and especially in the spinal cord. It is stated that this 
disease is ea'used by streptococci, b\it in a foot note, some considerable doubt is 
cast on such an etiology and the question coneerning the possible relationship 
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'f «■« th,. m. 

flveram! 1^7 H'ltyra jiiiil ittinili, wem.i. an 


„r (Ih~v Iv , r , ^ 

.-mjraKc and . I, t". ' f I'J iliityra aiul Mansli, xveget, ai 

^“'riiltau. ' ' * I'lntiiTO (it tlia diBoasa wtiieh wc liavis ll(■l(n inm.stigatins iif. 

(iIiKinnidb.iis'ma^ «wrjook,. , I, and 

,.ag„ndi„g ia.a.i 

’O'Voo, -™'-' >'>' 0. iatbo t),. 

“ f, iioiinin’.'’" ■' '':‘® in »ymptom..l(.gv 
in tile lesicna nf diV,.,. w] ; f“‘ ' nt Malt, an. as well as 

'iissimilarity is ,.,d,,mc,.d )'„• ,1 j'' ’* ® *'« diseiiss liere. 'I’liis 

tailed liotJi' in .s .,„d '' *!'"'* feeding tra„»,„is.-i,„ia 

Multan wns Lrafl-:,;.!^ --ala. and furt,,,„ ^Ue disease at 

period. T)itvpi,..|I "''7 liy witliliold.iig the siisi.eeted f,„.„g,, for a 

poisoning on reeorf the f T sef"' ‘iiaP'oosed ontlneahs of forage 

Iionses sueeeeded in re,.ro,'l, "* (f “ “"“1”''=**'^ fodder nr silage („ .«,.erm.e.it.d 
eases. Munr oiithre-iks f ""8 ' t isease m a typiBal form in tlie majorii.y of 
«(,««■« "f ^a ealled forage poisoning are act., ally outlialcs of 

Here again, the 

«(en in e, enee,. In, lomy,', litis. ' hiympLms ,rf M -”«««>*' from that 

symptoms of n.,nin.(i(is"i ’ t'vitehings will, general 

eo,,sl,.tf..,,lnr, i, " »f «■« tongue, a 

myelitis, Neither Ire i!! "‘'‘’7 " ■-•.pm-o eneeplmlo. 

botidism. ' ‘ ' 0 ">>'*ge.s nor penvaamlar inliltrutions seen in 

The <‘.vi<lt'nce 
l-jimcers iis Tfiiali'd 
eiicepliaJo ■ n i vei if ii< 
follows ;— 

^aseuflnr cliaracter. The +1 ' '' P’^'^himinatinj 

iVafures are on a siinimalion , f , post-mortei 3 

winunatjon of post-mortem protocols, as follow.s 

aeoo^iit'ie'r liy 

y l.in.isonlai mhltratiou and fre,j„e„t Inomorrhage. Punctate 


01 lie outbreak of tbe disea,se in tbe horses „f |1„. 

il not aotimlly njenf.icar witi,. speoifio ..nsootie, 
-soeenmng ni other eountries. may I* s«mrauri,se,| 
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i!;x.>.D.uu'i‘Ji«.y;<'S are frequent in tiio brain .substafKai and a iq'j-ncal tliffuse mononuclear 
infi{ira.! ion of ilie neuroglia, with (Icsl-inefion of the luirvo eleiiiGiifs is soe.!i. 

Similar l('sion.« are presejit in tiio spinal eurd. Joest-lfegen bodies are not 
found. .Tlaiuorrhages oeciir tliiougiiuuf. tbe parcndiyinatons organs in tlie 
majority of eases, and. there may be slight d(‘ge,ite.ration of ilu'. cells of fcjuise organs. 

lymph glands ani occasionally swollen and liaemorrhagiG. Gastro-intostinaf 
(aiarrli is noianl in a f(‘w cases. Thti bladder contains a thick syrupy' urine wliich is 
fr(-qiu'ntly blood-tinged, while the submucosa is studded w-itli lursinorrliages. 
S<‘Oonda.!’y infi'ctiun of the bladder eoiisequenfc on urinary stasis is not 1:11100111111011,, 
thc^ end result being, in protracted ceases, a tliiclcening of the wall of the l)la,dd<'r 
by a slow infiltration of granulomatous tissue. 

The post-mortem appearances presented are parallel to those encountered in 
American outbreaks caused, probably, by a virus of the Moussu-Marchand tyjie. 

The symptomology of the disease is, on all essential criteria, identical. 
Kecovcred cases, in American outbreaks, tend to a permanent disability expressed 
in terms of altered nervous function and structure. In the one recovered case 
which was examined, there appeared no clinical disability, r)e.finite proliferative 
lesions w'ore found in the meninges which wei'c thickened and adherent, as well 
as in the nerve cells of the brain and spinal curd. HtemoiThag<^s were peisistent 
in the ependyma, tlie cerebral cortex. a.nd tlie inl;eniai organs, .spcaaally the 
'kidney.. ' 

On epidemiological coHsidenilione. the paralhd is .maintained. During the 
course of an outbreak, one horse or a. .small group cd’ hm.ses is .affected at a time. 
Additional cases may occur after an interval of 7 to Id d.ays. 

Serum from recovered horses was shown to ])o.sse,ss some {dfcct in lessiuiing 
the severity of the disease when given, during the colu'so of an outbreak, in 
rehitively high dosage, to cases in the luefebrih-. phase of tlie disease. Even with 
the onset of symptoms, serum proved useful in tiding over critical cases to the 
convalescent stage, cases whie.h miglit not have', been expected to recover 
normally. A further point of analogy is that in the Moussu-Marchand ty{)e of 
the disease there is a definite prefebrile ])hase of about four days duration. A 
similar fact was noted during the outbreak at Mailtan. 

Opinions differ very much as to whether any drug treatment is of avail. 
In German outbreaks, considerable faith is placed in the intravenous injection of 
of urotropine in large daily dosage. This drug is excreted by the choroid plexu.s, 
and its use appears rational. It was used with a considerable measure of success 
in the outbreak at Multan. 
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IX AX tXWAX CAVALKY HKIMKXT 

'n,o diseii* a „y„|io 

Ky‘'‘ «l>wi.il«lfe wJiildi ivowt 

.van;!;:::'::^:::;::;:' ::f «imiw i.,,,.., .it 

yrt(,„o„,.Aai„i,„.,l) ThisJi,, W, „f ||,a-„ J.as a.,t 

flltlll.l tlait j;,ii,H.a WCT,. „„)M. MldAU . ' f "“i''’ ill rilllllits, all,! 

I-Iki Im.il, aft,. r item, . '' "1 «'>i aj,„„. f,,,!., l,.si„„s i„ 

'.f ilfeatrf tllor’litttet't 

Hiii. ,.«i,te.H„t,|y **■ '■"'*« ™ I«| inioalA,!, 

inocitetod I'ubdm'air IZ ttef ™'t’ tl.c di«„,« tvte,„ 

proved. ■ "'I'®’'''-' "1 «" Io>» ad«|uatoly 

Iliis fact agfoi-a with our traiiniiisiioii oxperinu-at'. in wl,: i 
two horses with ),rai„ If i ''ii'o'i wo inocnloted 

the other into the temporal i, lex, is with' tl,'i " ’ h * '^ '*''“***''■ "''f illy and 

if”c .< 

could not. he aserihed to errors in lechnione as i , ' '>ose symptoms 

iiiiicteen days oliipsed hefore the onset of Kvmiiloim' li '.“"'“'f"”' J’o™d of 

of l.he disease to horses in other eoimi i-ies ' , ' l” • traiiMiiiissioii 

1ms been noted. ‘ I"'™*'' "f similar duration 

Our siicness/nl result in pnaluciiig the disease in l,„r« . i n ■ 
inoenlation „f eerehro-sj.inal ||„id fa ,aho i,, „,.e.„danee wi t'l .'''''"'“'.'''O"' 

(jtonufi'ii Workers, ^ iwice o] -(iwtt 

isiasily a|tIioria:']i tlio liitrilofJ fnTtn r 

;m.v filtration ,.periment.s there.r: I,! JZ:: “ 

‘I'f - 

etiological role. ^ 'disease., to i,ossoss „„ 

i.or.«.sof 

V a neurotropic filteraWe virus of organoti-opic type. ^ 



A STHUV 0]^^ TJIE DATA OF MILK YIELDS OE TAETOITS Tr]>l< S 
01’' CXTVJjK obtained from the RECORDB OE ^rilE 
{F)\0^]fiKiM.FNT ArilATARY DAIRY FARMS. 

Rl. I’KEDfCTKW OV MfLK YIKLUA 

BY 

K. ?. R. KARTHA, B.A., 

Nifli.slir/iJ .U.-^ishml. Anmal IJihshfimlnj Bnrea/i, Imfcna] ('oUiunl <f Ai/nrnlhm^l 

JiefiearcL 

(hVwiml for |)iilili<^al.ion on tlie lOlih July litt l.'l 
(Wiilt one toxt-liiruu}.) 

Tlu^ 'prctiiiRoii of luilk yioMs is a /mjiuuii ll(M!(^s«it\Oll daiVy indiistr^^ 
dairyniaii wisiois 1<) know' af. things what tdio pi'o])a'b1e oiitpiii' of liis stock would ba 
diirinjj; a (avrtain faiina^ ]>ariod so as to ensure Inniself tliat Ids supply would 
{uleqiiaUdy meet any uuticipata.d dctnaiuk or tliat lie may make suitaHe amingO" 
inonts i'oi Ike disposal of surplus milk. At oilier times lie wislies to know, wlien an 
animal lias f)e('i) in milk for only a short time, wliat its annual yield would he so 
that il it is an iiiua'.ouomic animal it may be culled without incurring unnecessary 
expenditure on it for the. wdiolo year. Agaiiij if tivo animals or two herds of 
animals have to ])e cbinpared from data of yields available for different lengths of 
periods only it is necessary to know what these wonid have yiehled during 
identical peritids of lactation. The knowledge gained ill Parts I and If regarding 
the properties of the lactation curve and the deductions therefrom enable siudi 
estimates to he nuido as are required in the ordinary course of dairy business. 

In part I, it ivas shown how it may be tested whether onYironmental conditions 
like feeding, care and mauagomeiit of animals are siieli as wamld enable them to 
produce tlieir best. It was also slioivn there lioiv jui estimate may he formed of 
the jirobable yield during a given future period wh{‘.n aji animal has b^^en in milk 
for only a short time. This may he ebnipiited either graphically or aritlunethadly. 
By an oxtejision of the niethod it is ptossible to calculate tlm yield for a whole 
hretation. Tiffs, liowever, ])resupposcs a knowledge of the initial rate of mill: 
secretion and the rate at wliioh it falls off. But often it is n(;ce.ssary to ealculutc the 
lactation yield when one or hotli of these are unknown. Tiffs is especially rerpiirta! 
ill the official testing of herds. The tester is able lo visit tlu^ harms in Iffs 
jurisdiction only })criodically and lie, has to form an estimate of the milk prorlucing 
capacity of the animals from the short, time pcrformaue.e ho records. This 
makes it essential that a method should be found by which it. sliouhl be jiossible to 
estimate the lactation yield from the rate of yield at any stage in the lactation. 

Thte rate of milk secretion at maximum is often made the basis of estimating 
the total lactation yield. Prof. Tuff has found that the total lactation yield is 1 Ulf 
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iit. Ilio 1 'iUio <>1 Hio lacfatioii 
1*7 lo *J‘f.‘)7 acconiiiiL? (o tlh; 
!n' naau'iis <it t i'h^ jiiilitarv dah v 
niaAinmjij. wat-kl^- udf!) uma; 
Jifi'il oi ias ilaioc.s. 'I ||(' valiirM 
ill r\ fH W hell t hr f'arN ica |irrit*(i 
S 1 il(! irDiif ii of lar.f atio!! ) Uir 


i^ciial 

No. 


22 '] 

23- 79 
10-20 
2S-40 
^0-36 

24- 43 
28-1 S 
24'oS 
23'01 
26‘4(l 
17-.a2 
21 -(19 

25- 30 
20-03 
25-40 
2:1 -47 

28-i«5 

311-07 

20-15 

sri-Bo 


2G-53 

lo-or? 

20-37 

27-SS 

20*59 

29-95 

25*32 

32-81 

36-63 

20-74 

29-17 

2S-34 

34-41 


39*44 

29- 46 
19-40 

27- 75 

28- 97 

30- 08 
29*30 
32*61 
25*45 
21*98 


22- OS 

23 - O? 


21-60 

33-83 

22-92 

22-38 

21- 70 

22- 40 
25-28 
25-70 
22-44 

21- 92 
25-40 

24- 53 

20- 32 
10-04 

25- 8f: 

22- 70 
27-17 

21- 2S 


20-05 

27- Nl 
30-94 

29-54 

3070 

25-68 

28- 42 
24-52 
24-77 
22-40 


23-80 

21-59 

air 1 IV 

32-03 

35*50 


20-89 

...... 

27-41 



a;-r>7 


28-80 


30- 7 V 



J:1*23 

• 

27’,33 


32' 19 


20-,-li 


Su’SO 

■ ■ 

22-98 

. ■ 

....... 
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a])plietl to hiflividiials. It lias l)een seen in Parts I and 11 ol; tliis })aper that the 
liU'tatiuii yi<>hi is a hoKstioii o{ the nuiximuin yield and persisteuoy and that the 
latter is siihjret 1o lar^fo variations in the case of individuals. The variation in the 
valtK' of tlui rairio is, therefore, obviously due to the variation in porsisteiiey. Again, 
it is not enough if a ratio is found betwetni the maximum and the huitation yield, it 
should he possible to estimate the latter from the rate of yield at m/// stage of the 
lactation. 


'ihe purpose of testing herds being to obtain a measurti of their ecotiomie 
(iffioiency a,s })rodu(3ers of milk or fat, what is often required to be estimated is the 
yielrl over a definite period rather than the I'nitat.ion yicild. The magnitude 
of the latter de])euds largely on tiu- service period, or f<.>r tliiit matter on Iho length 
of lactation, and is not a reliable, index of the milking capacity of the aaiimal. If 
the yield for a definite length of lactation is to be estimated it can bo shown 
mathematioclly that the value of its ratio to the rate of yield at any stage in the 
lactation depends both upon ]3ersistency and the stage of the lactation. 


Table 11 shows the values of the ratio between the yield for ten months and 
the rate of yield at various stages of lactation, from 1 to 9 months after calving, 
for all values of the rates of decline from I to 20 per cent, per mojith, which range, 
it has been seen in Part JI, imdndes almost all the animals studied. If the rate of 
decline is know]i. the yield for any mouth of lactation multiplied by the ratio 
appropriate to that month would give the total yield for ten months. If the rate of 
decline is Jiot known the best value to take would be that corresponding to the 
average rate of decline for the breed to whitdi the animal belongs. The estimate 
can be further improved if use is made of the knowledge (nWc Part JI) of the 
relation between persistency and the level of production. 

Tf Table IT is examined minutely another interesting fact is brought to light, 
that would show at wb at stage of the lactation the estimate formed would be the 
most accurate when the value of persistency is unknown. It will be seen that if 
an estimate is made in tile first month, the ten months' yield may bc; anything 
between 5'27 and 9’fil times the rate of yield according to the value of }>ersiBteney. 
In the second month the range diminishes to G’Al- and 9'7i, and in the fourth 
month it is praeticallv zero. At this stage wdiatever the value of persistency the 
value of the multiplier is ptactloally the same. In the 5t-h month the range is 
paTTOw and from there it again widens. This fact is illustrated grafibioally in 
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Table IT. 

Niuintiij ty ninaltiw hr nilin of h(^d ifuM ///,, y/, /,/ 

U' Uh' rarin'U^ w,n.ih.< of Ifichtlioii. when. )he rofe of fhrJiiw v^o* /h 
ehamies fnmi -01 h. -20. ' ^ 


p<'i' Hinulh 
'ifi'i' 'llhWlh 




lliitu fif 
D'’i‘ H). Ilf!” 


1 

: ■ ■■ iTt ' 

I 

9-«l 

!l ?f 

' 0-80 

!)*2I 

o-i;s 


S1»o 

!tl7 

‘.'■•l.l 

K-.lS 

H-O.'l 


8-27 

8-rt‘j 

'.*‘f I 

7-!W 

H-48 

<)-Hit 

7-7! 

8-27 

8-87 

7-46 

S’08 

8-75 

7-2! 

7’KO 

s-ni 

G-98 

7-72 

8*53 

(5-7T i 

I'.Vt 

s-M 


UfouthK (if iiifctiti.iori 


iO-ttj. i 

10‘!!3 I 
1.«l-07 I 
Krlo ! 
10-1(5 i 
.10-21 i 
10-27 j 
lo-:54 ! 

10-42 
10-.-2 : 
10-61 i 
0)-72 i 


?;! i 

S’fO 

n-42 i 

10-83 

f(2 

8- 1 2 

!(-44 1 

10-00 

8(j 1 0*87 

S-fi7 

i.»-46 

IMI 

no ! ii-7 1 

7-00 

0-47 

11-22 

.j-l- j 

7-!l4 

M-oO 

11-38 

■fo 1 I 

7-s.iO 

0-;m 

11-54 

27 1 f5-,|| j 

7-80 

■ ■■■. .i 

ii-tio 

11-73 


io-i(.( ' 

i 

fo-62 

10-22 : 

iO-fL* 1 

!i)-(54 

OKM ' 

1 O' ( ifi i 

in- 07 

OMH ' 

OriH 1 


1o-o-i 

il-i*. 

i 1 ■ 7 ! 

iO-78 1 

IJ-!.'. i 

12-10 

M-lf5 : 


I2-.-0 

ll-lS 1 

12-05 , 

13-05 

1 1 -:*.2 : 

1 2- .‘18 1 

i;i-;i;i' 

n-52 : 

la-Ts 

14-06 

.iris 

i:i-!o i 

14-02 

11-96 1 

18-49 |. 

15-21 

13-20 ' 


l.'i’Sr; 


Tfinmiii .iiihi.il . J.IJ ' n ’ ' * { ' ' 

! ifLso iirc n,c fi}»]ir..]in;ilu Murim's fur use with apfieiaU^- hisd IndiajT^r'”’'"^^ 
c ” ” ” » cr"f<s-bi-ed ctm-sawnitiifalccw. 

” »)• « .. ordinary Indiaxj cows. .. 

{’< H (T-NOTE to table II. 

if f ! ^ ^ L-stal yieli.t f(jr ten .inont'lis esin Le rs 1 jriiiit('‘l fritru ‘i ( ■ j' i 

i-i.-mn™-, Ti,„ v»i,u,. f,.,. n„* ,,ri;„:,i ii, 

Exam.plf'. - 

>itli moiirl. ),,T l,.l .1 f,„. M will i„. ,,111, ' ii-ri.'J-ii-.t'lh '' "‘ 

..J,{ 8 ju Uio fiwe i.f .,pi-(!ia!iy bifil lu-lian cowh, 

Vl - , o^- wif! (-aHO nf biiffai'ifts and cri.,’.SH*breil oowa. 

Li/'l m the <ia.so uf ordinary Indian cows. 
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\\ X7^<. 

\ V c. 
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•01 -03 ’U;5 -07 -oy -il ‘13 -U ‘17 "^TIT 

Hate of dodinc m miik yield per Jl). 

Hifl, 1, 


mZi Io f ‘gainst (;1,„ rat<,s „f docline for 

ist. iluL 4tii ajKi 5tji month of lactation. 

Tlic a 1 »,v-efact,uani(.Jy, that ttic. It, Iiim.ut), of lactation is t].c I„,st iiia„ 

conducting a tost, may ),o verined praoticaUy. It is obvious that the ostinu 

wsMl oil tliat months yield would he the bast which bears the stroiuwt rolath 

S up to the total yitdd. The relationship is measured by the ooolticioiit of oorrelati 
letwoeii tlietwn. Ten montlis- yields were fotmd in the case of 157 cross-la 

aotation from 1 to Ihe correlation surfaces fur the Jst, 2 nd, <tth 6 th and S 
month are shown in Tables III to TO a„d the coeffioieuts for all months arc cnterc 
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in Table VIII. Tliis table supports tbe conclusions arrived at above. Tbe value of 
tbe coefficient rises to a maximum in tbe 4tb rnontb and then declines showing that 
the strongest relationship is at this stage, although the differences between successive 
coefficients do not appear to be statisticalij significant. From this table it is seen 
that while the best estimate is obtamed by making a test in the 4th or the 5th 
month estimates at any time between the 3rd and the 6th month would ensure 
reasonable accuracy. If a tester visits a farm three times a year at equal intervals 
fairly accurate estimates could be made of the milking capacities of all the animals 
in the herd. r 


Comparison op animals with oiiofERENT lenghs op milking periods. 

Sometimes it becomes necessary to compare the relative values of two animaJs 
ot two herds of animals when only a portion of their lactation is known. When the 
yields over isolated periods at different stages of lactation are the only data 
available, the yields for ten months can be computed in each case by means of the 
ratios in Table II and the animals compared. If, however, records are available 
showing the total yields from calving to different lengths of milking periods 
it is necessary to know what the animals would have yielded in the same number 
of days. It is known that the yield is not porportional to the number of da ys the 
aiimal is in milk; Thus if an aminal remains in milk for 400 days her 300 days' 
j leld is not ^ 6f the yiidd lot 400 days. It is soms other fraction depending upon 
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. ■ Tabli.'VIII. :-■■■■ 

Corrdaliou hotwem SOO day yield ami mte of ffield at mmoiis months after calving. 


Months after calving Rate of yield 


300 days’ yield 


Coefficient of correla- 
tion 
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decline. It is possible mathematioally to deduce this relation from the 
0 fclu', lactation curve. It is convenient to rofluce all yields to a standard 
erabi)' 200 da} s which is the average lactation length. Table IX shows 

Table IX. 

Correction for length of lactation taUng 300 imis an Handanl 

^ | |jj ,_j,y i j' II ^ ^ 

acfa- ! WJjpn rate of deelmo ]>er itionili pi-r loo ]]) milk is-t 

i fi-0 .S-(Ho) j I ]2-o(c) 


(if) Theso figures are to bo -used for spocially bred Indian eows. 

{") »» fj »» ,» cross-bred eows aijd butlaitx>.s. 

»» ft ft j, ordinary Indian coWs. 

Footnote to Table IX, 

Example, The following example illustrates tho uso of tbo table. Administmtion Report on tb^ 
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hy wlia I; figures a givaii yield should b iiiidfeipHed in order to reduce it to a yield 
for 300 days. An example is given at the foot of the table which explain'^ how the 
Table may be rnadc use of in practice. ^ 


SUMMAEY 

How yields may be predicted from known 
with. A. complete lactation from 
computing the area under the 
the yield at masimimi 
lu’odiicts. This ] ■ 

obtained for the decline 
(Table II) is j • ' 

plying the monthly yield at 
in. the table. 

The peak of lactation is generally reached between the 3rd and 6th 
calving, and if the yield for these four weeks is known, the vmlrl fnv a 


an mcomplete one may be predicted either by 
curve or by arithmetical calculation by multiplying 
successi\’'ely by the rate of decline, and summing up the 
requires a knowledge of the rate of decline, and the average value 
. ” Y parts I and 11 may be utilised. A ready reckoner table 

given by means of which complete lactation may be obtained by multi- 
_ j any stage of the lactation by an appronriate ratio jrivHH 


Military Dairy Farms, Northern Circle, 
yields as under :— 


year 1932-33, 'lable 13, page 21, shows the lactation. 


Average number 
of days in milk 


Feroaepore .Pedigree 
3/4 Foreign . 


eamcnerLT ^boy yield during 

be into ji'L 'ft 

te » How the nto ol doolino eppropmte to the breed fo SoTth” horf Wonjs””] 

teined^nttte cotan 

Ferozeporo Pedigree . . 7,912 x *8,632 or 6,830 lb. 

3/4 Foreign .... 6.S8B x -tlA'ftn rti. it it. 


I»RKI>KrriC)X ni? MtLK yields 
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»>00 days is frpproxiBia'Ic'ly obtained by multiplying the drern(ff>, <lniln i/icld fnr fhA-ti 
jonr v’eeh hf .... 

.<^-3 8 in th<^ t'.asf of speiaaily bred Indian cows, 

..^0.) I .. of bnffaloos and cross-bred cow.s. 

of ordinary Indian cowK. 

An oxuniinaticm of vahics of the rati?) in Tabh^, 11 shows that, the best fcinui for 
cojidu(‘ting a short time test is llu! 4th nnmtli. Reasonable iur.uracy is. bovvo.%a>r. 
of>tamw{ by using any yield iadween the 3rd and the (Ith montli ed lactation. 

A ruble is givf'U ]>y nusuis of wliie.h yields for dilbuNuit hmgths of lactathju ma.y 
)o (Corrected to a stinidard leugtli for ]jur])oses of conipariHou. 
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Inteoduution. 

The hisf-.oiy of treatment of surra in India dates as far back as 1893, wlien 
Lingard, Imperial Bacteriologist at Poona, ini.rodacod a form of treatment for 
equine surra 'witli oertain arsenical preparations, notably atoxyl, without any great 
success. 

Subsequently, Holmes and Cross [ 1908 ], working at tlie Muktesar Laboratory, 
tested the eilicacy of a considerable number of drugs, in addition to those used by 
Lingard, in the treatment of surra as it affected both eqiiines and dogs. Of the 
drugs tested by them, mention may be made of atoxyl and its proprietary modification 
known as soamin, orpiment, arsenious acid, and certain antimony and mercury 
preparations, A perusal of the records of their trials shows that while in a propor- 
tion of the cases treated by them the results were encouraging, the number of fail- 
ures was by no means small, while in a large percentage of eases, where definite 
recoveries were believed to have beeii obtained, relapses occurred during a post- 
treatment observation period ranging from 4 to 6 weeks, 

Edwards [ 1926 ], working in the same laboratory, carried out what would 
appear to be an intensive series of trials upon the comparative trypanocidal val ue 
of potassium and bismuth salts, tryparsamide and naganol and was eventually led 
to formulate the so-called intravenous-intrathecal form of tj-catment, to which a 
detailed reference will be made later in this paper. As to tryparsamide and bismuth 
compounds, it may he stated at once that, on the recommendation of Dr. Edwards, 
the efficacy of these drugs was then tested upon three artificial and two natural 
eases of surra in the Punjab, but the results obtained cannot be declared to have 
been satisfactory. A full dose of tryparsamide followed by a dose of tartar emetic 
failed to sterilize the blood during a post-treatment observation period of 6 days, 
whilst the administration of bismuth salts was followed by inappetence, dullness 
and congestion of the lungs. 

The vrork briefly alluded to above, although mainly carried out elsewhere than 
in the Punjab, is nevertheless of sufficient historical interest to deserve brief men- 
tion in this paper, inasmuch as the results of these trials very clearly demonstrate 
the futility of efforts directed to curing surra by means of arsenical compounds, and, 
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SHOUT HISTORY OR SURRA TRKATMRNT IH THE PUNJAB 


as will lie nottsl later ilie two drugs wlu’eli gave greatest promise in tlxe trials carried 
out in the Punjali R-ere Tartar emetic and Nagairol, neitlier of which, ay is well 
known. ivS an arsenic derivativo. 


TRKAT:vfi''NT OF SURRA BY MEANS OF TARTAR KMKTK’. 

The necessity for instituting an intensive series of trials ujion tlse ])ossi1>iUty of 
siicccHsfuily cmnliatiiig surra in { he Pun jah was realised as far back as in the year 
19(H>. wlien an ollicer. with tlie designatixin (’amel Expert, was sjiecinliy ap]Miinted 
by CPwerninent, with liis headquarters in the Pnujal> Veterljiary (hillege at Lahore, 
for the purpose of investigating the prohlem. fiarl ieularly with reference to the 
possibility of devising suitable fueasiires against tlie. disease as it atTecied the camel 
population of the province. This s]>eoies of animal has long lieeii extensively used 
for purposes of transport hy the eivdl population and jiaH ieularly in comicctioii with 
military operations on the Frontier, tlie mortality in these animals on ae<;ount of 
surra being some times as high as 510 per <‘.ent. In J5H)S, lijo heachpiarters of this 
ofideer were transferred to 8ofuiwa of the dheluui district. Northern Punjab, a 
typical camel breeding craintry wiih suitable j»asturage and t'ontral for tlie carrying 
out of investigational work into diseases of camels. 


Leese, who lieid eliarge of the Sohawu Laboratory as (laiuel Kx])ert during the 
first five years of its existence, carried out an extensive series of trials in the 
treatment of camel surra by means of soainin, tartar emetic, arseiiious juhl and 
sodium arsenate, used singly i>r in combinatimi. Jn a report subsequently jmb- 
iished by him he churned (52 per < ■out. of retioveihis by the application of the so- 
called “ ” method which involwid tin,-! combined us*; of tin; first thre*; of these 

drugs nnmtioned above. As ])oint(;d out by (Jioss. however, sliortly after he 
assumed charge of the, Hohawa Laboratory in 1012, tJie nu;tliods uf treatment 
employed by Leese were es.scJitiaily modiru;at ions of flms*; previously used with a 
certain amount of success by Ooss liiinsidf and IfoJmc-s in the iTeatment of a large 
number of artificially infected cas<'s <*f equine surra at tin; Muktesar Laboratory. 
It was further pointed out by fh'<)S.s that the percentage of recoveries obtained Ijy 
Leese could hardly be regarded as a true indicatitm of tlu; efficacy of this method 
of tr(;atmeiit in that the percentage was bas(;d by him ii}xon the results obtained 
in only 0 animals. Eventually Press discontinued Leese's line of investigation and 
initiated a series of exjawiments width bud for tlieir object the development of a 
method of vsingle-drug therapy siiit.ahie for adoption by field \vorkers in India., and 
the drug which was afterwards found ]>y ])im to fulfil this object w*as a 1 per cent, 
solution of tartar emetic injected on alternate days, in doses of 50 to 200 o. c., 
covering a period of 37 days. This metliod. which constituted at that time the 
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routine treatniftnt for camel Burra, was practised in the case of these animals with 
a considcrahle degree of success by the inilitary anthorities both in and outside 
India. By arrangement with the military authorities, iiuincrous batches of in- 
fected camels were fiuccessfully treated, at Bohaua hy Cross and his assistant 
Clianclliri Kalian Siugb up to the time of its final adoption by E. A, V. C. officers. 

A small amount of preliminary investigational u'ork had been done by Cross 
on the efiicaoy of tartar emetic in the treatment of e.jnines also but amongst 
artificially infootod cases only. 

On Cross’s mtirement in 1923, there being no Indian V'eterinary Service Officer 
available, his Assistant Veterinary Inspector Chaiidhri Kah an Singh, a graduate 
of the Punjab Veterinary College, was ])laced in charge of the Sohawa Jjaboratory, 
which was then placed as a distiict charge under the direct supervision of the Cliief 
Superintendent, Civil Veterinary Department. Henceforward the Sohawa Labora- 
tory was to become more closely identified with the needs of the districts. The 
time was ripe for pressing on with proiiaganda amongst camel breeders to bring 
tlieir surra cases to veterinary liospitals for treatment. Horse breeding in many 
areas of the province was in a very precarious condition about this time owing to 
the heavy incidence of surra and the only advice that could be then offered to 
breeders was to shoot their sick ponies. 

In earlier trials, Kahan Singh had tested the efficacy of the '•' Cross method ” 
upon 14 artificial cases of equine surra and obtained what appeared complete 
recovery in as many as 13 of these. In view of these nnexpeetedly satisfactory 
results, it was considered desirable to try the same treatment in cases of natural 
surra. The Sheikhupura Veterinary Hospital located near the Deg Nullah, the 
worst surra zone in the Punjab, was selected for the purpose. Twenty-six ponies 
suffering from surra in this locality were subjected to this treatment, but only five 
oases were cured. Although these results could not be regarded as very satis- 
factory, the form of treatment, nevertheless, gave undoubted promise of success if 
carried out under conditions that would ensure adequate feeding arrangements 
for the animals during their course of treatment. As a matter of fact, the treat- 
ment had to be carried out under considerable disabilities consequent upon a lack 
of staff and stabling, whilst the owners themselves, whose previous experience had 
shown them the futility of all curative measures against the disease, were not 
willing to provide even the feeding for their animals while under treatment. The 
District Board, which was approached for funds to supplement the feeding arrange- 
taents by owners, would not agree to a policy of spoon feeding. However, in the 
autra season of 1924, the value of this method was further tested, under somewhat 
better oonditjons, upon S 6 Oases of natural Biirra, all belonging to private owners, 
at four ^erefife dentree in the Bunjab; resulting in 49 cures, "While these results 
were enooura^h^, the drug wts found too irritant and drastic in effect to be suit- 
f't! d * ' I ' "''i . ’ it ^ ' t * 1 r , " 
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able for treating debilitated animals and in many imtuiiees the treatment resulted 
in tbe animal refusing its food aitogetiier. This was serious inasmueh as many of 
the cases were already emaciated ^vhe^l they arrived for tr<‘a,tm(!nfc. Furthermore, 
the Cross method ” of treatment by tartar euoetio alone was iiardly suitable for 
application in cases of massive infection, a.s (tn ata.'onnt of tlie tlrastic action of the 
<lrug it not infrequently resultcil in, tln‘ death (d' rJie host consciiucnt upon the 
occlusion of blood ea]>illaries Isy dead trypano.^inues or ihe libevral ion of toxic 
decomposition, qvroducts. 

In vhnv of the haiiaut (‘ib'.cfs <i£ potas'-,iutu antimonv lartrale, iartar eiiieih;, 
Colonel B. E. Mariin. De'jmfy Dlre.etor \"eie.riuary Htavieirs. Xonhern C’omiiiand, 
suggested some trials, with the sodiiau salt, ‘part had arlv in the ease of old and 
debilitated animals. The reiative e.tihMcy these two sah-s ua.s. tliondore. tested 
upon 50 cases of surra, 24- oi which Were treated Vvil li thf‘ piHassinm and 2<) v.ith 
the sodium salt. Eighteen animals of the ii^st category wiu’e cunai. one rchqised 
and five failed to Avithstaud the aelitu! of 1 he drug. The ]ati(;r were later tiaaited 
v/ith nagHiiol-eirietic combiiaitiun ('//(/Vo). (Hi he gt- iuiinials irtuited witli sodium 
antimony tartrate. In were cured. 2 rela]tse<! atid 2 died, wlnlst the rcutiaiiuug 
7 could not withstand the action of the <inig and were lacer fcoaited cither with 
naganol alone or ]>y the coinhined naganol-einctic method (iu/md. ..\s will Ise noted 
from these results, the percentage of recoveries obtained with the potassium 
antimony tartrate was slightly higher than that obtained with the more costly 
sodium salt. The results of these trials fuith^jr ileinoiistrated the inadvisability 
of using either ot these drugs in the treatment »>t old and emaciated animals. 


Treatment of hurra by means of naoanol al(.»ne, 

Tn the Punjab, the earliest trials with naganol were carried out in 1024, when, 
a small supply of the drug was oT)tained and testc'd tipo,n 0 animals iiTtificially in- 
fected, recovery being oldained in 4 cases, hi h)25, the inanufacturers very kindly 
supplied the ^Sollawa Laboratory with gnuuuies of the. d,rng for further lixperi- 
ments and its efficacy was tested u]K»n 10 cases with a. sui'cessful fermination iu 
five. Til e results of these trials {lonioiistrati.’.d the sii].ieriofity of nagiuiol over 
tartar emetic i.n thri.u; important respects. In the first place, the treatment was 
simpler and entailed a less prolonged course of treatment, than, the Cross method.'’'’ 
In the second place, the drug lent itself for injection by the intrawnous route 
Avitliout resulting in abscess formatltui. as i.s not iiifreipientiy the case when tartar 
emetic is used in this manner. Lastly, the i.lrug eonld be safely injected oven into 
animals showing swarming trypanosomes in blocal smears. Furthermore, an 
improvement in the condition of the aflected animal was noticeable wdthin a few 
days of the (lommenccnient of the treatniont and its appetite remained unimpaired* 
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III 1926 wlien the drug was placed on the luarket a sufficient stock of the 
drug Mas ohtaiiied for fiirthei' experiments which were conducted in two forms ; 
{ 1) uaganol alone ; (2) naganol tartar emetic. In the present section, it is 
proposed only to deal with the results obtained with the first form of treatment, 
whilst a separate section ivill be devoted to a consideration of the results obtained 
by the application of the naganol-emetie combination. 

A total of 10 animals u'ere treated wfith naganol alone. These comprised S 
{•aincls, 3 ponies and 2 dogs and recovery was obtained in all excepting 2 ponies, 
in which, in B}>ite of the treatment, the disease progressed to a fatal issue. Three 
of the camels had been previously treated with sodium antimony tartrate, but 
had failed to withstand the drug. 

While these trials were in progress, Edwards [1926] at Muktesar, introduced 
a form of treatment with naganol which had for its object the sterilization of 
the cerebro -spinal system simultaneously with that of the circulating blood, it 
being claimed that this method of using the drug was particularly indicated in the 
case of animals in an advanced stage of the infection. The routine method, as 
developed by Edwards, was as follows : — 

I, (a) Inject 50 o. c. 'of a 10 per cent, solution of Bayer 205 iiitravenons- 
ly, per 1,000 lbs. body weight. 

(If the horse is in very low condition, administer one-half this dose, and give 
the remaining half a week later, or as soon as the horse shows appreciable improve- 
ment in condition.) 

(6) Inject 20 c. c. of a OT per cent, solution of Bayer 206 ” intrathecally, 
per 1,000 lbs. body weight. 

(The solution for intrathecal injection is made by taking 1 o.o. of the solution 
for intravenous injection, and adding sterile water or normal saline solution to 
make up 100 o.c. of dilution). 

II. Eiiteen days after I. Eepeat I (6) only. 

Ill, Fifteen days after II. Eepeat I (a) (i,e. full intravenous dose), and 1(5). 

Ko further medical treatment was required. Careful attention must be given 
to restoration in bodily condition, by good feeding and grooming combined with 
exercise. 

This method was given a fairly extensive trial at the Sohawa Laboratory, but 
had eventually to he abandoned, in view of the impracticability of carrying out the 
technique with the aid of the small staff usually available for work of this kind 
field sonditions in Indian 
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IHBATMEXT OF SURRA BY MEANS OF NAUAXtH^ OAMloXiiO WiTil TARTAR l-AMKTKJ, 

It is c!«siral)lc {;(> mention at tills stage tliat a <?er{»ain a.iouujii uf everlnppirig 
Avas iniaveirjablc bt'tweeii tlie diilereiit categories «)£ (;x]U‘ri}n(‘n1s rejioricd iu 
tliis paper. Tlie order in Avliicli tlie oliapters are arranged docs lutt bear any dellnitfj 
relationship to the chroiiological se.qiieiico iii •which the actual methods (•{ treatnumt 
were adopted from time to time, although in a report, of ibis kitid purports 
to be a historical rasuine of surra treatnieiit in the Ikuijah, .it would luo'c been in 
accord with the oustomary procedure to deal chroiiologicaHy wdlh tlic (ic.velopnuuits 
that led to the present day method of treating surra i.Ti thi.s province. On tlic other 
liand, there is a,ii obvious advantage of consolidating and gron])iBg tliese develop- 
ments under apx^ropriate headings so as to bring into proniiiienco tli.e ivsults 
obtained with any one of these forms of treatment. 

Initially, the object of the trials Avith the naganol-tartar emetic combination 
was to test the poBsibility of reducing the cost of treatment with naganol alone. 
In the preliminary trials, 3 camels and 8 e<]uines were subjeoted to this form of 
treatment and recovery was obtained in 6 of those cases. 

The foregoing results seemed siiflioiently eiuionraging to warrant some furfclier 
trials Aviili this form of treatment on a larger scale. Act'ordlugly, the mirativo 
value (d the l.reatmeiit was tested upon 17 ponies and 2*5 camois, with the following 
resiiUs : — 

.L Fourieen out of the 17 ponies were (iured and discharged, three of these 
having been ])revioiisly unBUcccssfully treated witli naganol alone. 

2. Out (d the 20 camels, 22 were eiirod, I ndapKed 25 daA-'s after the comple- 
tion of the treafmeiit and the remaining 3 du*d. The recoveries included 8 animals 
that had been previously unsuccessfully treated by the “ Cross nuithod The 
following coDclusions were arrived at as the rrisult of these ('.x])erinients : — 

(1) There was a possibility of c.lirouic eases being cured by this method; (2j 
there was no risk of untoward e-fiect.s wlien the combined rlrugs were 
administered during the paroxysm of the disease ; (3) the beneficial 
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eftects of the drugs, as evidenced by an improvement in the general 
condition of the animals, were noticeable even during the progress of the 
treatment. 

While the foregoing experiments wore in progress at Sohawa the combined 
naganol-emetic treatment was also being subjected to an official trial at the 
Slieikluipiira surra centre. Thirty-four ponies were selected for this trial and re- 
covery was obtained in as many as 11 animals, althougli the majority of the oases 
were in an advanced stage of the disease. Gdiese results were distinctly encouraging 
so that attention was henceforward exclusively confined to perfecting this method 
of treatment. 

In 1927-28, the cHieacy of this method was further tested on 142 camels, and 
out of these 137 were cured, 4 died while under treatment and 1 was destroyed on 
account of a fractured leg. Reports received 3 months later from the owners of 
these 137 camels showed that, with the exception of one animal that had died from 
causes other than surra, all were alive and performing normal work. 

In the same year, 114 ponies at four centres were likewise subjected to this 
method of treatment, and out of these, 100 were discharged as cured. 

The year 1028-29 was a comparatively dry year and cases of surra were, there- 
fore, not so numerous as during previous years. Only 31 camels and 109 ponies 
arrived for treatment at difierent centres in the province, and out of these 27 
camels and 102 ponies were cured and discharged, 2 camels died w^hile under treat- 
ment and 7 ponies were sold by their owners before the completion of the trciatmont. 
According to reports received at a later date from their owners, all of the 129 animals 
discharged as cured wore alive and the majority had gained in weight. 

In view of equally successful results from a further series of experiments on tlie 
same lines, the following method of treatment was ultimately drawn up for routine 
use under field conditions in the Punjab and is still being adhered to. 

Intravenous injections to be carried out at intervals of four or five days in the 
following approximate dosage : — 


1 per cent, solution of uaganol , 

1 per cent, solution of tartar emetic 
1-6 per cent, solution of tartar emetic 
1T> per cent, solution of naganol 

2 per cent, solution of tartoJT . 

par cent. sQludos .tartsfr «fi|etia 

. 2 pey solutj'on plnagsuol,. 



Hof»s 


Tlie iucreaso in tie dosage is not a fixed one, but depeiids the condition 
of the animal, and symptoms, if any, caused by the previous dose. The full course 
of treatment occupies approximately one month. 

During the years 1929-JPi, a total of 1B,561 animals were treated at surra 
('(‘litres by the naganobemetie methcd as oiitlined above, witli the following results. 
It has been recently computed that J7 horses and 53 eiwneb were definitely traceable 
as relapsed cases out of the total number troate^^^^ 


iSinTH, geasoa 


Number f»f iiniuials Ntmiber of aniaials 


lua2-33 


1933-31 


Camels 

. 99 

Camels 


. 93 

Horgos 

. 380 

Horses 


' SfiS - 

Camels 

. 470 

Camels 

3 

.1,751 

Horae.g 

. 1,435 

Horses 

Cainela 

. 67 tj 

Camels 

1 

.2,379 

Hors(j3 

. l,90.j 

.Hersea ' 


Camels 

. 610 

, 

' Camels )' 

1 

Hoi’se.s 

, 1,51(1 

:Horae.g;'- 


» • 

C.imtls 

. 3,623 

Camels 


. 3,.584 

Horae, s 

. QD : 

Horses 


. 2,59.5 


In the ease of those aniraalB wliudi were as cured, i‘ep«iris rei'clvcfi 

from tlan’i owntu's slu»vv(‘d tlnit they were prtictifoally Ell alive iind in gofe! conditifui : 
some moiiiljs aft fu’ freauiumi and us a further check (iu tlu; uisuits ol surra treat- 
ment at tlu' difiVnmt surra centres r(.‘gula.r inspeciiono of cured ease's are being nnule 
by tile Director (if Vf'.terinary iSei'vi«'es in the course of ills tours. 

In vifuv of tiu'se, strikingly .successful restilts. the naganol-eiimtic tiasatnient had 
rajiidiy gained in popiilurity atni itr the surra season of 193:5-34. as many us .‘‘tt 
centres for surra treatment were u],)en in difierent parts of the pro\1iice. 

It will b{?. observ(M{ that tlu; schediilu of treatment, as outlined above, involves 
a total of, seven injectioiiB spread over 31 days. In view of the disadvantages <d 
this prolonged, although other’wis{? very effective, method of treatment, e*fioxts are 
being mftde to rediiea the number of iniections. Some pieliminarj triak have 
nh'eady been (’larried out in this direction and altbongh llie rf-sults of tlicse ofier 
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soRio little eaoouragomeiit no definite eonulusion can be arrived at until a large 
number of natural surra oases have been treated. 

At this point, a reference may be made to the view expressed by certain 
workers that the injection of a trypanocidal drug such as naganol results in the 
parasites migrating to the cerebro-spinal iliiid where they may remain in a sort of 
safe retreat until the effects of the flrng in the circulating blood have passed away. 
This is believed to uc.cur wlien naganoJ is introduced into the circulation, the 
molecules of this drug being regarded as too heaey to be capable of penetrating into 
the spinal canal. In so far as the combined naganoi-emetio method of treatment 
is concerned, however, its a,ppiication was found d<dinitely to bring about a steri- 
lization of the cerebro-spinal fiuid as judged by the results of eleven experiments. 

During the last surra season ending December an investigation, on a 

small scale, into the possibilities of emjfioyiug naganol as a prophylactic against 
surra in horses was carried out in some very well known infected villages in the 
Sheikhupura district. The procedure adopt(xl for the investigation wuis to select 
horses for proph 3 dactio treatment from as many dific.rent villages and from as wide 
an area as possible to ensure every likelihood of a sulficient number of the protected 
horses being exposed to certain infection. In accordance with plan tliirteeii villages, 
owning G17 horses, were selected and from those a total number of 52 horses were 
given protective inoculations, namely, four in each village. The latter received 
injections according to four categories : — 

(1) Monthly intravenous injections of naganol 3 grammes for the duration of 

the surra season, six mouths July to December. 

(2) Monthly intravenous injections of naganol one gramme only for the dura- 

tion of the surra season, six months July to December. 

(3) Monthly intravenous injection of naganol 3 grammes for the first half of 

the surra season only, three mouths July to September. 

(4) Monthty intravenous injection of naganol one gramme for the first half 

of the surra season only, three months July to September. 

As evidence of the prevalence of surra during this season it has been ascertain- 
ed that as many as 120 out of the 617 horses in these selected villages naturally 
contracted surra. In one village 82 out of 60 horses contracted surra and in 
another 23 out of 40. 

Out of the 62 horses selected for experiment, seven failed to oon^ilete the 
course of -protective inoculations prescribed as their owners were unwilling to conti- 
nue with the experiment. Of the remaining 45 horses, only one developed surra 
day» after the' third monthly injection of naganol 3 grammes^ There were also 
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two «io^lfetfu^oases wMc^Uied of pa^a^y»i3^d^ 

a tei receiving tlie third monthly injection of three grammes and tlie secoiwl within 
two days after the third monthly injection of iiaganol one gramme; 

^ Ihe lemalnder passed tiirongh tlie siiiaa seasoii withoiifc iiifeotiiin; Them has 
been, no definite evidence to show that either of the favo mmes of paralysis were 
af!ec.fced witli siimi or were adversely affected by the proteotivij iiiociilations. 

Ii, tdiereloitn th(:v last season of 1933 may be :-rega,i'dcd as a typical one of 

►surra incidence, the coindusion to be drawn from this investigation is that there is 
some probable merit dn this ittotliod of propliyhixis by iiniaiis of iiagiiiioi in the 
dosage ernpbyed. It is proposed to carry out a fint-bor investigation on tJio sarmi 
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TJiis lias recently been bronght to liglit in tlie forest covered district 

of Asifabad of tliis State. Tire two areas affected are in Sirpoor fcaliiq, coniprising 
the villages of Mutlianpet, Lonvelly, Arelli and Kanky ; and Luxettipet, Rubanpalli, 
Dhorpalli and Joglapet in Luxettipet taluq. 

In November 1932, some outbreaks ■were reported as anthrax from the above 
areas, but blood smear examination revealed them to be trypanosomiasis. 

The general impression in India has been that cattle (especially buffaloes) acted 
as a reservoir only for trypanosomes. Hutyra and Marek report that outbreaks of 
an acute form with a high mortality .are met with. 

Stirling [1927] mentions regarding a severe outbreak of this disease in the. 
western districts of Central Provinces and Berar. 

Gopalkrishnan [1927] also refers to outbreaks of this disease in the Central 
Provinces, 

As the condition in Asifahad appeared to be acute, investigation was under- 
taken during September 1933. / 

The mortality in the year 1932 is said to be about 300 cattle, mostly bullocks. 
Two ponies are also reported to have died. 

The disease usually occurs dtiring the early winter months when biting flies arc 
plentiful and the plough-bullocks are worked hard. 

Blood smears of 297 cattle, 2 ponies and 3 dugs were examined during this 
investigation. 

An important point noted has been that the disease allects ino.stly (90 per 
cent.) working bullocks. 

The specimens of biting flies collected and identified are as follows ; — 

(i) Tabanm tenms, 

(ii) Tabanus bicalhsus, 

(iii) Tabanus sp, (?) 

(iv) Mmca cmssifostns. 

■ ' ( 242 ) 



B(A'1\K 'n!,YI'AiVOj-U)MLASIS IN HVDKBABAI) S i'ATJ-: 
Others flies are - 

(i ) If (cmalopofa. s] i . {V) 

(ii) Lyf, Wosiil i>;xi(pi.tl, 

(iii) &p, of M'UUGff' and f^<m)oj)huiii , 

The t-icks. colleofed from atiimak aliecfed with nypajiosomliisi.s. er. 

(i) Tlyahmma wgypmm. 

(ii) Ila’maphfmlu Im-pifum/. 

J, he hhsod smears fro, ni some of f-ho oriHJied i-ie.ks \v,-re funnti i 
trjpanoK(siTi(‘H, 


\K OirrmiBAK OFTrjB r*TSEASB. 

ly on 22nd 8eptenib(0' TliirU’-se' 

.d. Arelli (elfeu; ))y) from the middle of Sej 
tfu'se. 12 Y ere Aomd positive for lrr(ia 
1 he lollowing table stims up in brief fh 


I^uniber attueked Deaths. 


Bullocks 


Buffftlee.^! 


lutlie eoiirse ol routine, hhfod smear eviirninatiori four eases were deter, ted, one 
of which showed no signs of illness <!vr.ii the temperature being 101 ‘4’ pr, Put; the 
l>ei'iph(;cal blood shr>\ve4 ad>ont mie t.ryp;inosome per ten fields. Another case 
showed dnl]n.ess iind mnrons tiiscliarge Irtnn i:.he eyes, but rominatsnl. The temper* 
a, turn was 105'4 ' F. and the blood revealed 20 to Ho tryjainosornes ’per field. 

riie apparently healthy hut affe.cted arnnxal i.s nscid for ploughing and fatigue 
following acts as a prcdispo.sing cause in bringing about the onset of the fatal stage. 
In this stage the animal stops to f<;ed and ruminate, is disinclined to move, swa 3 's 
the whole bod}” backwards and forwards and foam.s at the month. The uiiizale i« 
dry and hot and there is discharge', from tlie eyes and no.se. .Dullnoss and fever are 



Post-mortem appearances. 

Tlie cases generally showed lohular pneumonia with adhesions to the peri- 
cardium and thoiacio wall. The hronchial lymph glands showed deep congestion. 
Petichse were noted throughout the serous membranes, and on heart and aboma- 
sum. In some cases only petichse were observed. 

The smears of heart blood, lung, spleen, liver, kidneys, cerebro-spinal fluid and 
brain, taken after death, did not reveal trypanosomes. 
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apparent. There is hard breathing and excessive urination. Only one case under 
treatment show^ed shooting diarrhoea. . 

Within three to four hours of these symptoms the animal usually goes down, 
never to get up again. The eyes become semi-closed, coma sets in, the head and 
neck is either extended forward or turned to the body and the end is soon 
approached (Plate XVIII). 

Some animais which took suddenly ill after the day’s plough work were found 
dead in the fields on the following morning. 

Only the first three cases remained alive for a period of about 4 days. It may 
be their life was extended due to the treatment undertaken. Once the fatal 
.symptoms w^ere exhibited the case did not last for more than 48 hours. 

Microscopic examination of blood repeals infection long before the actual fatal 
stage occurs. Examination of blood smears was carried out at different stages of 
the disease and it appears that the trypanosomes are rare at first, then they 
increase, again become rare, and completely disappear about an hour or so after 
death. 


lIlSTO-PATHOLOaiGAL EXAMINATION OP THE TISSUES. 


“1. Lungs and bronGhial lymph glands. 

Lungs reveal a very acute type of pneumonia and large number of necrotic 
foci. The interlobular septa show marked distention due to accumulation of 
inflammatory exudates. Numerous diphtheroids were seen in the necrotic xones. 

The broncliial lymph glands show intense congestion only. 

, - 2 . Brain and spinal eord. 

The piece of brain and ■ spinal cord do not show any abnormality. No surra 
parasites were seen in the sections prepared feom these tissues.” 











BOVfA'!*:; TRY{»AM'O.S(Hi'H,A,S:iS JN H Vi.»Kf<AHAJ.) STATR 
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Treatment, was tri<3d on three .‘uiimajs 5a the fatal stage., giving 25 o.c. of a 
.10% solution of Baytfr 205 intravenously for an uduit (a|t|.iroximuti'. laxly weight 
being 500 pounds) vvitb t)u; result that, only the tryijunosoiues {iisap’peared froru the 
]Hjrijfheral bloo(.l but tin? ]tati<uit.s sue.eiunbetf. 

Four eases detected in tlu> e;u'!y .stage Oy :Hiiero‘.;t‘,ef](ie exaniinatitm re«;ovt;ie(i 
with the above treaj.ment., 

y\ buludo naif re-r.taved 5'} sae uf siilisti'Uii id ItfV*'!’ 2o5 iurra veiiiojsly. 
iSiXtee.i! honr.s later 1 rvyiuriuMaih’S '.rt-re .siili ]*r<'r-iaif. ai tiie jieriphcral l.dood iUei an 
inje<;tioti of lit*',, Mflutfon v.a;-. g'Vei! and the afiifual eoJiddalei y’ lUired. 

.it wa;-. noted that aJ'ter t nast Uf-nt. w'dh (try^ aohdion <d .ltt.yi‘r 205 itii ra veiioiis- 
ly. the: try]>a.noson!e-; di.ia|ipea.red from t.ia- ]ierijihera.| idood in alumt |(j !«> l-S hour.-i 
after injection. 

■ Sli'M'MAIiV. 

.1. The f;.\'is!e,tiee of bovine tyviaMiooimiasis in A'.ifabad tlist rii-.t of 1 his iStaie 
was recorded for the, fir.-'l- time in ITovember t'O-V'. The aiiar-ks weia? so x'ory am.itc 
that tin; outbreaks wen* .riustakeu b*r a:!rhr;'..v, 

2. Tin'. 00')', of alta(?]vK am its Laiiioe.ks. atsd niofiaiity is oeni, ‘jH'r cent. 

S. Tile, Rpeeies of dies and ticks evtlle.cfed fi'oni tbe rifferJ.ed areas are : — 

(i) .Flics of Tnhaht!,^; speei<‘S. and .J/e.ov/ f'p/.-'si'/(o-5vb, 

(ii) rattle ticks H ’Lmyt fffjfqiiit-in. atid Ho nyi ph;r>‘liy- h!. 

4. *Sy.nrjiitonis and iio.-T m.ojicnt h-dons an* dealt with, 

5, Buyer 3* '5 in I*'**,, soim am given ieora v«’tiou.';!y ■ ; lonnd etfeetavc f-adbo* i-he 

fatal onst;t oeiuin-. 

Further w<mk to iiud out whollier tlio .•,j.'.-Lma. of ti \ |!.nio..oiiia conearnied is 
Tfyf)<tnus 0 i'Ufi- ctiotsi or Home, oilier speciijs shall be taken ti].t shortly in. co1li:il>oriit.ioti 
with the, Imperial .Inst-ituto of ’Vk'.teriuiuy lb, scare]). yCukiesu!-. 

AiikHutdf'dipikii’jii.'i. I take, this o])por(. unity to express my thanks to all con- 
cerned. (‘Specially to Mr. Aliuddiis .Ahmed. Assistiiiit \ (tetmary (iiirgyoii, wTio uo.!!;* 
ed. hard in this connection., 

Afy thanks tirci also due to the l)!i'ec.lor. hiiperial Imdainte of Veterinary 
Research, Aluktisar. for iiis kindly examining the rnaterisds , -submitted. 

I am grateful in particular to Mr. B. K. Badiiini. (dihciating Director. Civil 
Idepartinent. Ilyderabad-Deccan, for tlm various helpful hints that ho 

■gave.',',"" 
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(Roeon’w. for jmwipttlioa Oft 10th July liKtt.) 

(With four t-es:t-figar«’«,) 

Thiougli tlie courtesy of Major (I S. Kiittall. tlio Officer Commaiiwling, Jfilitary 
¥eteriaary Hospital, JulliiiMiur, Fuiijab ao opportiiiiity was afforded to exinoiiie 
worms from a timioiir found in tlio Btomacli of a crocodile shot at Julbmdiir. The 
worms on examination proved to be Midiimmim agile Wedl, 1802. Apart from 
morphological interest of the parasite, particularly in respect of its alimentary 
canal, which led Baylis [ir)23] to create a new genus for it, it prjssesses cunsideiabh} 
interest from the point of view of geogra]>hical distribution. Up tio the 
moment it has been recorded only from Egypt, this being fhereforti tlie first 
occasion of its record from a country outside Africa, Its original description was 
given by Wedl as early as 1862. Subsequent to this date Baylis [1923] piihlished a 
short description of this parasite. It appears from both these accounts that the 
material at the disposal of the authors was very scanty. The present opportunity 
is therefore taken to supply some more data regarding the parasite ])as(id on 
observations of about half-a-doxen males and an equal number of hnnahis at various 



- 










agile. Spiculo with glibemaculum, 



* All jneasui’ements in millimeters. 
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Desoriptiojs'. 

Tlie body is straight and cylindrical and the males as well as the females have a 
tendency to coil their posterior extremity ventrally. The entire surface is covered 
with striated cuticle. The lips have one large and close to it one. small papilla on 
each side and in addition to these there is a small papilla In the centre of each ii]) 
anteriorly. These papillae on the li|)s appear to have escaped the notice of the 
previous authors. Small interiabia are present with well-marked grooves running 
along the bases of the lips. Dentigerous ridges are also present. Cervical papilla.} 
are very inconspicuous and arc situated somewliat midway between the anterioi' 
termination of the intestinal cfficam and excretory pore. The exciretory pore is 
slightly posterior to the nerve ring. The oesojdiagus has a small posterior ventri- 
cuius from which arise two anterior and three posterior appendices. The intestine 
has a finger-shaped process, the intestinal cgeoum, passing anteriorly. 

Male, The length is 24'5--26*2'* and the in aximuni thickness wdiiclx is attained 
tow^ards the posterior extremity is ()'425— fi‘53. The diameter of the head is 0‘16— 
0'2. The cuticiilar striations are 0‘003—0’004 apart. The nerve ring, the excretory 
pore and cervical papillae are situated at a distance of 0'6-— 0’71, 01)7 — 0‘78 ain.l 
0'87— 1 respectively, from the anterior end. The infeest-inaT caicnin ends at a 
distance of 1T7 — 1' 18 5 from the anterior extremity. The length of the cesepliageal 
appendices are : anterior, 0‘22— 0*S7 ; two outer posterior, 0’48— 0'63 ; and the 


O' 16 long, gradually eiirving ventrally and tapers conically and suddeiily into a 
narrow tip. The caudal al© are absent. are ten pairs of caudal papillso : 
five being preanal and five ppstanal, Gf the preanal series, the first, third, and the 
fourth are Bubventral and are fairly close together, the second is lateral. The fifth 
is sititated at a considerable distance from the fourth, more or less close to the 
anterior extremity of the spicules. Of the postanal series the first, second, fourth, 
and the fifth are subventral while the third is lateral. There is a median papilla ou 
the anterior lip of the cloaca. Although it waEj not possible to examine the worms 
ventrally on account of the coiled nature of the tail, the presence of the paxulla wasi 
ohserved in the lateral view in all the cas6.s examiued. The gubernaculam 
measures 0'13E“-0'1 S3 in length and is like a curved rod tapering posteriorly and 
having lateral expamions beginiimg a short distance from its proximal- end . These 
tixpausions also diminish iii width posteriorly. At its proximal end it lias a solid 
knob. The spicules are equal, rather fiharjjly bent and measure 1'04--1‘2S in 
length. Their anterior fourth is like a rugged rod with a groove ventrally. At 
their anterior fourth there are very broad chitihoiis expansions oh either side -which 
diminish in width posteiiorlv and terminate at their ’Dosterior fourth. These 
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expansions form a deep groove on tlie ventral aspeet of rlie spicnilos, Tlie posterior 
quarter of tJae spicules is a conitsal rod tapering posteriorly. TIkjso details of the 
spicnlar structure appear to luive been overlooked by the previous authors. 

Female. The length is O-.S- -28-2 and the inaxiimmi thickness which is attained 
somewliere near the posterior end is 0-23-~ O'SO. The diameter ef the head is O*!]— 
0-225. The ciiti(3uiarstihe are 0-003---0-0035 apart. The nerve ring,, the cervical 
papillffi and tlie excretory pore are situated at a disf.anco of 0-37-— 0*66, 0-57~-0-98 
and 0-47--0-77 respectively, from the anterior extremity. The intestinal caecum 
terminates at a distance of 0*92~-l*i7 from the anterior end. The length of the 
oesophageal appendices are : anterior, O’lS— 0-43; two outer posterior, 0-3d:5—0-59 
and the middle posterinr which is the smallest 0*145--0-23. The tail is 0'22— 0*4 
long, straight, sharply conical in fully developed forms, but gradually tapering in 
immature specimenK. Situated at a distance of 0-02- 0-06 from the posterior 
extremity is a pair of small caudal papiUiu, The vulva is situated at a distance of 
2o from the anterior end. In the immature fArmci ... 


in. A revision of the 
ciescripiioii of a now ge 
Parasitol. 15, 223-232. 
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Introduction. 

It 18 known that the quantity and quality of wool is aftectod by the nutritional 
plane of the sheep. Thus Hardy and Tennyson [1] showed that both the growth and 
coarseness of wool were greatest in summer or autumn and least in midwinter, and 
that there appeared to be a close relationship between the tliriftiness of a "sheep 
and the quality and quantity of wool it produces. Wilson (2) and Weber (3) as a 
result of feeding experiments, .showed that the plane of nutrition had a marked 
influence on wool-production. Weber found that sheep full fed on ground corn 
and alfalfa meal produced more, longer, and coarser wool than those fed on alfalfa 
meal in such amounts as to cause a slight loss in body -weight. 

Owing to the protein nature of wool, nutritional research has been mainly 
centred on the protein or constituent amino-acids of the sheep's diet. - Thus 
Mamton and Brailsford Robertson (4) suggested that dietary cystine was the probable 
limiting factor in wool -production. In the “ Meteor Downs exceriment MaraLftn, 


I ,'''"■" ' 

1 ' 
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(5) found tliat bloodnieal (protein of jliigli cystine-content), fed ad Mb. to Merino slieep 
under natural conditions, resulted in a 30 per cent, increase in average fleece- weight. 
It was found that the in-tahe of bloodmeal varied svith the prevailing fodder con- 
;■ clibions, more being taken in the winter mo ntlis. On the other hand, Fraser and 

Roberts (6) were unable to influence wool-production by a 60 per cent, variation in 
the in- take of digestible protein; 


Rocentiy Buerden, Bosman, and Botha (7) have shown that a deficiency of 
phosphorus in a sheep's diet results in a lighter fleece, of shorter length and finer 



Basal mtioii, 


JJnseecl-cake meal 

Turnips 

Oat straw ...... 

Xdine 2*2 per cent, of linseed isfeeaj fed 
0. L, 0, 2J 0 . cm. per sheep daily ' 
Water and salt-licks ad Itbj 


(p.iarity, as compared with sheep fed on a sufficiency of phosphorus. The food- 
Gonsiimption of the sheep on the phosphorus- deficient diet tvas, however, very 
considerably reduced (8). 

The energy value of the diet is known to be of primary importance in body- 
growth, but the influence of this factor on wool-production has been insuflicitmtly 
studied. Vet under range conditions of sheep-farming, whether during the cold 
winters of temperate countries oitthe periodical droiiglits of warmer regkms, it is 
likely to be one of fundamental practical importance. For the investigation of this 
{pi estion, a j oint experiment betw'een the Rowett Re.search Institute and th e Wool 
Industries Besearoh Assooiatioh was planm^d. One group of ten shtayp was fed a 
maintenance diet adequate in protein; minerals, and vitamins. A second group 
of ten sheep received the same diet supxjlemented with maize starcli. Any group 
diflerences in the quantity or quality of wool grown could tliercfoni bo directlv 
attributed to the starch supplement or to its absence. 

Methods . — Twenty Cheviot wether hoggs were divided into two groups of tni. 
the groups being comparable in age. weight, and quality. The sheep were, fed 
indoors, with moss litter as bedding, for a period of lot days {December 12. B)32 In 
March 25, 1033). The animals were weighed iudividuallv at; "-day intervals. The 
hasal ration was adjusted from time to time to maintain the initial body -weight 
of the basal group. Identical alterations were, made in the rations of the two 
groups. The details of the dietary plan are shown below : — 

■ ' Onmji lh 
■'/■;.,v.Basa,l:ration. 

.;,v . ' 

260-500' gnj., ^maiz©': 'starcii' pe* , 
.v^sh'esp: daily,.:' 



WOOL-GROW'J'H IN 8HEEP AH AFFECTED BY DIET 

^v^is tletcmiiiiiiig its iiituugon-curiteiit. This 

tii(> DiiTtv-^ ' ^ !-Vi that the starcii was siillicieiitly pure for 

tilt piiiposes oi the experiment. 

iri,l,w!,!!“! ''“‘‘fr’'' *'^“,“ 1 ’™“'-”“ “ triangular area was mapped 

,,,, ' / on the slv-iu over the loft slnmldcr of each 

■ le vvoo witlm, this area was closely clipped with scissors and the emuple removed 

■I'l weighed. At the end ol the oxjierijueiit samples were 

c ippot w tf^u Hceceswero .shorn and 

0 second samples anil second flocce-woights were thererore those of llio w 
giown during the experiment on diets of known quantity and composition. 


liESULTiS. 

ooiiKumcd (iuriligthc experimout is hIiowji 


l-hiaud (fake 
'.L’ui'uips 
Oat straw 

Bvdy-weighl.- 
ishowa in Table I. 
timew that of Group J 


foktlfood cohdipnvpLion daring .154 dags. 

Gioiq) 1 (10 sheep) Gmnp H (10 sheej)) 

* • • 7491b. As Group I, pA(S 1,315 lb. 


(), 8 eu lb. 
770 Ib. 


inaiKO st-areh. 


Xhe eli’eet of the added .starch in iucreasing body-weight is 
ihe percentage increase in body-weight of Group iJ. was 


W'uol-analysjs. 

lu examining tin; effiec.ts oi‘ nutritional itiliuejices upon IJeece-growth, 
amount of fibre-material produced and the form which it assumes have to bo 
sidered. l^i'om the sheep-owner's point (.f viev., the iinaucial return is a function 
oi (hose lactors and also of the proportion of non-wool materials in the shorn 
In the ilisfuissum of experinieiital results, als(.), it is necessary to realize that 
fif)res are not tlio only products involved in lieece-growth ; parts ol the ^grease 
h'aotion constitute a like drain upon the activity of the follicles, in so far as thcvse 
cUe ancilLu} to elahoral.ion oi fibre, they may not be neglected from any estimate 
<) tie .lequireimuits of tlui loliicles in respect of any particular .niikitifjiial element 
spthat the estimatioii of the (lemands for follicle-growtli, derived from analyses 
1 le coiiotibueuts, may well be regarded as yielding a minimal figure. 





THB INDIAN JOUBNAL OF VETERINABY SGIENOE AND ANIMAL HDSBANDBY [ IV, III 


Table I. 

t in lb. 


Gkoto I 

j , Oroto If 

Auimal 

Pre-e.'cptl, 

Exptl. 

Per 

oent. 

change 

AnimaJ 

\Pre- 

exptl. 

Exptl. 

Per . 
cent, 
ohango 

1 

64-5 

62-5 

—3-1 

3 

66-8 

' 77-0 

±15*3 

3 

67-3 

57-6 

±0-3 

4 

69-0 

93-5 

±35-5 

5 

64-6 

67-5 

+4-5 

6 

63‘3 

101-5 

±60-3 

7 

69-6 

S3-5 

±20-0 

8 

74-0 

115-0 

±o5'4 

9 

65’8 

69-5 

±5-6 

10 

74-0 

111-0 

±50-0 

11 

53'6 

57-0 

±6-3 

12 

58-6 

93-5 

' "7“ 00*0 

13 

69‘0 

64-0 

—7-3 

14 

51-6 

93-0 

±80-2 

15 

53‘0 

o;>'a 

±4-7 

16 

57-0 

98-5 

±72-8 

17 

77‘0 

84-0 

•f 9-0 

18 

53-0 

97-0 

±83-0 

20 

67‘5 

68-0 

±18-3 

19 

65-0 

l,04-0 

±60-0 

Mean 

63-19 

66-90 

-1-5 83 


63-23 

98-4 

, ,±57-2 

S. E. 

±2-45 

±3-20 

±2-69 


±2*54 

~±3-35 

±6-45 


Difierences : Pre-experiineiital, O’Ol- ; ex})orim<intaL Percentage 

change 61’42t6'99. 

For the present purpose, however, these otliei products will not be con- 

sidered beyond their general iucluaion in the greasy fleece. 

{&) Fleeoe-weigMs. The sheep were clipped on December lb. 1932. and at the 
end of the experimental period, on May, 25, 1933, the gross lleeee-weights being 
recorded. Prom December 6, 1932, until the start of group-feeding [December 22), 
both groups were kept on the basal ration, hence tlie fleeces of Group I rexiresent 
161 days’ growth witli the animals on the basal ration, and those of Group 11 
represent 7 days on the basal ration and 164 days with the starch supplement. 
Any difference in fleece-growth due to this relatively small discr(‘.]>aucy and also 
to (a) the possible eflects of portions of the fibres remaining within the f ollicles, 
below skin or clipping level, and (h) any “ carry over ” growth influence, may be 
regarded as negligible com^Jared with the amounts grown over such an extended 
period of experiment. 

The pre-experimental fleeces include the changes of the natal coat and tlie 
subsequent early stages of maturation ; moreover, the length <jf their growing 
periods is not precisely known. They are therefore not strictly to be compared 
with the experimental fleeces so far as fibre-characters are concerned, but the 
prooeduro of expressing the differenoes as percentage changes serves to give 
measures of tho,e;fleets of ithe experimental feeding upon growth. 





WOOL-OROWTH IN SHEEP AS AEPECTED BY DIET 25? 

Tiirouglurat tlio disoiraion tlie difEoroiiee betwou)! tlie nsperimuutal growth anti 
IhaL grown prmtioudy is depressed as a percentage diiinge im Ihe latter tor each iu- 
I mt im . Ill both groups alterations in iirodnetion occurred in ail animals, and the 
directions and orders ol the changes are TOiisidcred. Also, mnl for the some reason. 
. le mean toIms of fihre-leugt.h, fineness, etc., for each individual are not weighted in 
eoiisidering tlie drfiiereuecs between the groups. 

Ihe gims flceco-Nraghfa of the animals given Jji Table II. 'B-Toro beiip-^ 
mbiectod to the e.vperimciita] .rations the mean (iei.^ee-weights of the groups wem 
lot significantly different, but the difference in the ainoiuit produced during tlie 



Differences of means: F!(;ecc-wciglirs : pro-experimeni.a]. !)24;S5-12 ; expciri- 
meiital. ‘h.10'2 ; perr.outagc obang.', 27*7-!- 

The groiip rtvufiving tlie st:u-ch siipph-ment. as judged by the fieece-weiglits. 
produced almost twice as imiclt as thosi' on tlie !)asal ration. The fleeces of Grouj; 
11. however, contained miioli advenfitioiis stareli. giving tiiern a markedly different 
appeaiance and liandie. so niuoli so tliat a trade estimatioii id. '/leld. of cloan wool 
could not be made. The effect on the aniouiits ol. wool grown call be judged from 
the samples taken from tlie tattooi'd areas ; a rough, (.estimate can be made on the 
broad assiinijition that the clean yield of oacb fleece as a whole was the same as 
that of the defined sample. 
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Tlic aiiioiiuis of- wool thus estimated are given in Table HI, wliicli. indicates 
Hint (lie wi.de dillereiKJC in growth upon the two rations is also expressed when 
the libre-product alone is considered. 


In general appearance tl'e fleeces of the animals in (Iroup II exhibited lunger, 
d(mscr, and thicker staples than those of Group L 



(b) Jrca samples. The samples were taken from the defined areas on Idecem- 
i.'cr 0, 1932, and again on Maj 24, 1933, the wool-gro-wths represented therefore 
iire tlmso of 160 clays on the hasal ration, for Group I, and 15 days on basal ration, 
followed by 153 days on the starch supple, meiit for Group 11. The samples were 
exposed for two days in the lahoratory atmosphere and weighed in the ‘ raw ' 
state before being snl)je(;ted to the. standard procedure (#! analysis [ 11 ], viz., 
washing with three changes of warm benzene, air-drying, and washing wifcit three 
changes of distilled water. After final drying the (dean-dry wc.ights were deter- 
mined by weighing against a standard sample of known cloan-dry weight. To 
compare roughly the amounts of wool grown, the ‘ yield ’ of wool was calculated 
by expressing the clean-dry weights as percentages of the weights of the raw 
samples. (It should be noted that the yields before and after experiment are not 
strictly comparable owing to possible differences in atmospheric humidity obtain- 
ing when the samples were weighed.) These are the values given in Table III. 


Table III. 

Sample yield and estimated weight of clean fleece. 


Ani- 

lual 



Geo UP I 

^'WWfSasSKut'riirftBtas^ 


Pre-cxperimeiital 

. Experiuieiital 

’Sample 
yield 
per cent 

Estimated 

clean 

fleece- 

weight 

’Sample 
yield 
per cent. 

EHtirnatod 

clean 

fleeee- 

weight 

TiVO 

1,248 

■pm 

368 

79'2 

1,2 SI 
1.202 


208 

SOI 


208 

soy 

1,211) 

HHIrimfl 

469 

70-3 

1,015 

70-2 

368 

70-2 

1,069 

72-2 

386 

71)'4! 

1,167 

iiG'S 

148 

78'6 

967 

62-4 

188 

70S 

1,397 

69-0 

461 

7d’6 

1,01!) 


485 

70-2 

1,165-4 


326-4 


Geottp II 


Ani 

mal 


* Clean-dry wool ae percentage of raw (greasy) \yool. 


Pre-experimuntal 


Experimental 


*SamplG 
yield 
per cemt. 

Estimated 

clean 

fleece- 

weight 

*Sainplu 
y ield 
per cent 

Esiiiinatcd 

clean 

fleoc((- 

weight 

78 3 

1,355 

5(5-7 

411 

77-3 

1,476 

65-S 

3.i5 

SJ-0 

l,2b0 

47-y 

62!) 

74-3 

1,115 

52-8 

fils 

76-4 

1,031 

57-4 

.jt>3 

SO-I) 

1,433 

62-9 

54s 

7S-G 


50-4 

484 

82-0 

Bisfalll 

G7-9 

(155 

79 2 

1 ,053 

6(5-7 

557 

75 0 

96(1 


589 

78-3 



527-0 
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^ A marked difference in yield hetwoen tlio groups oiuairred at, the end of tlie 
period, -presimiaWy imich greater than would bo expected from starch -contamination 
alone yjtiHttiembaT. concluded that a greater elaboration of non-wool pro.lucts 
la til veil ]ilacc in Group II, as well as a greater production of dbro. 

^die attempt was made to secure areas of similar .size wben tliey were first 
< 0 mcd. altboiigli this was only possible within ’aide practical limits. It is urn 
iie(‘, cssary to give details of the raw saiiiplc-weight.s ; in general they followed 
changes similar to those of the raw fleece weights, shown in Table 11. ' The ,niea,ii 
raw sample-weights were, before experiunmt, Group I, 5-72 gin.; Group II, fi-5i gm. 
with standard errors i-0-28 and ±0T,0 respeotiYefy. After experimental feeding. 
Group I, 2-04 gm. with error i;l-12, and Group IX, 4-28d::0'47. Between the two 
groups there occurred a drffiereiice in the mean percentage changes in raw weight of 

30-82, with standard error ±6-70 («/. Table II). 

The dean-dry weights of the samples are given in Table lY. Whereas prior 
to experimental feediiig there was an insignificant difference ot 0-6 gm. between 

the mean dry weights, after the period of feeding the difference was Tl gm., with 

standard error ±^’33; and while the production fibre-substance in Group I, on 
the basal rations, clmnged 67-4 per cent. {i3-2r), the mean amount grown on the 
e ned areas of the sheep that were fed on the basal ration and starch, ebanged 
} 49 8 per cent, (di4 30). The significance of this difference in production con- 
irms the above conclusion to the effect that the starch supplement definitely 
favour wool- growth. 

T’ahle IV. 

^ Clecm-dfi/ weiglita of sa,itifles [in gm.). 


Onoui’ I 


AniiiiitI 


Pre- 

pxperi- 

inonta! 


Afonri 
S, E. 


5-Xi 

•1'4C 

ryir> 

4-10 

a ','10 

5'00 

4m I 
3-3 4 
4' 5 3 
-0*2 :l 


GiJOtJP IE 


Jlifferenees : pre-exptn’imeulaL O-liJ-l)*."}/ . 
17*Gi5-40. 


I'jxpei'i- 

montal 

Por 

cent. 

clianse 

Ariimjil 

' P]V. 
expex’i- 
iiientai 

Expe-ri- 

laental 

Pei- 

cent. 

cliango 

l'S4 

o-9;i 

79-2 

(1 

4 

.G-Gd 

4-86 

P69 

1-46 

70-1 

7(^“0 

l’f)7 

69-.'. 

6 

4-82 

2-19 


1*83 

1-35 

02-3 

69-5 

S 

If) 

3-08 

o. Ig 

1-79 

1-48 

41-9 

.52*7 

1‘63 

1-0:1 

CO- 3 

79-4 

12 
■ It 

7-82 

G-:i.5 

3-27 

3-78 

3-98 

r»8-2 

38-0 

1-23 

70-7 

;iG 

7-21 

44"S 

1”35 

G8-7 

18 

a- 03 

3-.3S 

32*8 

1-78 

46-7 

__19 

3-.71 

2-31 

34-2 

1'4:} 

rfcO-IO 

G7-4 

±3-27 


5-13 

±0-.72 

2-63 

±0-31 

49-8 

;f;4*30 


exi33mixcatn, I-l±0*33 j peivoutage 
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(g) Ftb'/e-lenylh. lii tlie determination of mean tlie method of 

zoumg and mea^iii'ing tdalnauted by ' nBod. The original 
samples were each divided into eight zones, and the proportions of fibres measured 
rom the iinal sub-samples were 1 in 3 or 1 in 4, in the pre- experimental samples, 
and ] in 8 or 1 m 10 in the samples taken at the end of the experimental 
period. The fibres were measured to the nearest half-centimetre. 

^ III zoning aiid 111 coim ting out the fibres to be measured, great care was exer- 
fised to reduce as much as possible the chance of breaking fibresv 
samp es especjally among those of Group I, taken after the feeding 
a considerable number of very shoit fibres (of less than half the mean 
fibre-length; were found. These caused the distribution of fibre-length in the 
particular samples to exhibit marked skewness, but their contribution to the total 
n (The greatest jiroportion was found in animal 

number -l, broiip 11 after experiment, where short fibres of 2 cm. or less, formed 

4 d per cent, of the fibres measured ; their contribution to the total lenoth was 
nowever, only 6 ner ff-rd. 'i Tn ’ 


Table V. 

Merm fhfe-Ungl}is {in cm.) ei 


expfirItnentaH-o:i ±0-80 • ptrcenlage chants, d’i ±8-56. 


Animal 


3i3x])tl. 

Per cent, 
change 

Animal 

EVe-oxptl. 

Ex])tl. 

1 

;i 

R 

7 

0 

il 

li{ 

15 

17 

20 

9-5 

9-2 

10-4 

lO'S 

9-3 

8- 9 

8-2 

S'l 

9- 5 

8-3 

6-6 

4-2 

0-3 

6-4 

6-9 

rv9 

r>-i 

6*2 

6-7 

6*0 

— •41-6 

54'4 

39*4 

40-8 

38-0 

28*8 

37-8 

36*8 

40-0 

28*4 

b; s ' 

■4 

6 

10 

12; 

/ : 14 

16 

\ 18 

19 

9-9 

10- 3 

9-6 

9*1 

9-7 

11- 7 

9-4 

lO’l 

8-7 

7-1 

5- 5 

G'7 

6- 5 

6-4 

6- 7 

7- 2 

7-.3 

■ '■ 

7-2 

5-6 

Mean 

9-22 

5-82 

SS'l 


9‘55 

6*66 

S.E. 

Dlffeiei 

±0-2S 

±0-21 

±2-40 

rr— — ' 

•• 

±0-37 

hO-21 



Pre-experimental 


Experimental 


Per cent, change, mean 


Tliie points to the eonclnsion that the diference in production on the sample 
areas was expressed, more in other ways than in mere length of fibre grown, so that 
the other iaotors of avera^ge fibre-fineness, and, possibly, the nnmher of fibres 
produced (t.e., number of active follicles) have to be tahen into consideration. 

{(y) A.v&ragefimmess. After counting and measuring the fitbres, the sub-samples 
were washed in benzene and their clean-dry weights were determined. Fiona the 
calculated total lengths of fibre and these weights, the values for fineness expressed 
as length (in cm.) per unit weight (mgm.) were derived. 

Even under ordinary conditions, some change in fineness might be anticipated 
in all the animals, as the growth-periods cover two different stages in the matura- 
tion of the lamb's coat. The two groups at the outset were well halanced as 
regards fineness, and it will be seen that the different metabolic levels produced 
markedly dissimilar efiects. In all animals, except Ho. 39 (Group II), the wool 
was distinctly finer at the end of the feeding period, and there is some general 


Group I 

S, E. 

Group II 

8-98 

±0*29 

0-29 

f)’30 

■ 

stO-30. 

■; ■■ 

6-07 

■''■■'4P0:'' ... 

'±3‘0i':. 




! ‘S'rt 


Differences of means 


pre-expeiimental, 0*7 j experimental, 40' 


m.™,™ ?! mpoDses of difTeroirt masnitnaes in the tw 

L feiri h r f ana finenosl 

in flilT ^ Of growth oomiitions to the banal ration h,J to a ailTereno, 

whCd -’^T P™/ f of 41 per cent, and a diiferoneo in finem«,« of 63 per cent 

trIduc«rjto 3 the starch Bnpplcnont waa to linrit the ordens o 

the reductions to 33-8 poi centra length and 21-4 per cent.inrmemw That is 

■ wrueJeT to Thaf ““ “PP’,**”®* Save a level of fibre-prodnetion which 
lenirth and fine, . o^P«"“ental conditions, by affecting both fibre- 

fas coinnaTpd witTn proximity to the pre-cxperimental growth in Group I [ 

fm") growth thin 'b°°^ “ore by enooutaging the coarser (less 

, ■“) growth than by enstainmg the fibre-length growth. In other words, the 


Animal 


Pre-ex]jfc]. 


.'Exptl. 


Animal 


Pro- exptl. 


TPxjitl. 


112 

167 

132 

206 

104 

169 

116 

163*6 

118*6 

191 

88 

124 

113 

176 

143 

281 

97 

1.69 

117 

132*6 


+49*4 

56*1 

62*9 

41*0 

61*2 

40*9 

64*9 

96*5 

63*9 

13*3 
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similaritf between the changes in individual fineness and those in individual bodv 
veightfc/. Tables I and VII). 


Table VTT 


Ai'eraffe finen cw.s. 


Group I 
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fes to respond to tl.o sturd. suppleBuo.t ororo in tie direetion of orentet 

Unolncss (kilometer dtJnnWn greater longti-^^^^^ " 

ffi,M ’■ kmcwr£ & ““ »■' H>« «!'»■•« of 

can average fineness 

' - inbined to give iiieasuTi^s of tlio \'(>1uni.(, of fibre-production On tlie 
fissnmiition that the deii^itv nr n.. n i ^ J- procraciaon. Un the 

tliesainofvT.a r, ^ rein ams constant in wools of 

fineness iV ’ ‘ i-<> mean lengtii upon fuvra.ge 

muieoSoS. l]K^,ge values are shown in Table ym 

Table Vin. 

Average fibfe-mlmm. 


Pre-experimeutal . 

Experimental 

Per cent, change, mean . 


Group I. 

S. E. 

Group II'. 

S.E. 

0-080 

±0-0048 

0-085 

±U'00i>f) 

0-032 

±0-0034 

0-046 

±0-0028 

60-2 

±3-S3 . 

' 44-3 . 

±4*40 


: ; ''^^ '"■‘-^‘"^s^d^^^man ieiigm waso-f ^ por cent.. 

rtteCwff f — »•«•. 19 P® cent., must be 
foTS n f change m ' diameter ; eimilarly in Group II, with length accounting 
per cent., the^ ' may be considered as eontribiiti^^^^ cent, to 

^le average c lango in fibre-volume. Tlius in the decrease of fire-growth due to the 
basal ration, the growth, in respect of lengtli, contributed approximately twice as 
och as the change in tluolmess or^ ieorease on the pre- 

expernnental condition of the starch-supplement group, the change in liuwth wa.s 

responsible for about three times as mueli as the ehaaige in ‘ diameter.’ 

n. . m clean wool on the defined areas 

Jahle IV) were of the order of 67 per cent, and 50 per cent, in Groups I a.ml TL 
lespec so that m each case there appears a margin beyond that attributable 
to alterations in average fibre-Yolume. The practical difficulties in recordimv with 
accuracy any actual change in the extent of a defined sidn area on the hvim. 
amraal preclude the possibility of estimating contributions from such a soiirem 
so difi-erences m the amount of medullation present in the fibres affiect the accu- 
racy of the estima,tes of average fineness and fibre-volume. 

(fj BmimaM number o/ foUidee. The possihilitr of ehamm in tlio 

munbor of follicles .actively producing librce on any areabm beenl,” ^ 



Esiwri- 

niental 


Per 

cent. 

change 


Animal 


Pl’O- 

oxpori* 

mental 


Experi- 

mental 


~-14-4 


GROTri* I 


Geouf II 
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neglected iu studies of wool-growtli altboiigii siicli a plienonienoii may comicivably 
occur according to age., season, or niitritiona] supply to tlie follicle, and lias been 
demonstrated in tlie giiinea-pig [ 12]. The observation that the starch-supplement 
group tended to exhibit denser and bulkier staples, which was confirmed when the 
samples of different wools from different areas W'-ere examined by an exjierienced 
wool buyer, emphasized the desirability of considering this factor. As with the 
otlier fleece characters, any difference betAveen the fwo groups could reasonably 
be attributed to the effects of the ration. 

The estimates of number of active follicles were made from the clean-dry 
weights of the sample and the zoned sub-sample, and the number of fibres included 
in the latter. 


Table IX. 


Eslimated number of active follicles {00 omitted). 

















^VOOL-OllOWlH f'N iriJiiiJiP AS APPECTEI.) BV DIET 
'Hiatc^yiT may I, a (lii; cuuscs «f <l.io aliaiii>cK in tlie imiiilje]' u{ imfcivo folliijes as 

shown ales. tlH. n.,nd.ors am appaaenliy lanaa. in rl,a ),asal-r„tion 

f. • y - 1.111 ill tliai mcniviiij; the sta-ndi siipiJeiin.nt. altliougli tin- diifcmiioi* are 
no ■ sipiiheani,. Keganleil J'n.iii (lie aspeei „r peiwiKage <-liniig,« in imlivirluals Win 
altoral.Kins „> (Jrm,,, 1 am greater flnu, in tironj, XI snegesiing ( |n,t. (.Ids Xac(,„r may 
i.iae eiM, i iabuled to t-lie mai-gin m heene-iirodnetinn over ,aml above that asscssiW'e 
to iJio oiiij.mt ()1 ( vol nine) by tlie active fo]lielo,s. 


Conclusions. 

Ihe advantage in respect of gross fleece- wxsiglit; conferred by adding tlie starc'Ji 
supplement to tlie basal-ration is shown from the study of the defined simple areas 
^0 he^ largely due to the greater activity of the follicles in the elaboration of fibre- 
material. When the difl’erence in fibre-production is expressed in terms of the 
a verage ^ tfie starch-fed group showed a decrease on their performance 

pmor to experiment of 44 per cent., as contrasted with a diminution of 60 per cent 
HI hhe basal-ration group. (This omits the distinction due to the diliereiit periods 
01 - time of pre-expemiientai and experimental growth.) The margin of difference 
between the order of such estimated change in fibre-yolume and that of the amount 

0 clean wool pinduced is possibly attributable to an alteration in the immher 
of ioliioles which are actively producing fib, res. In Group I, on the basal-ration 

per cent, fewer follicles were estimated to be operative, ; whilst m II the 
estimated diminution was: 10 per cent. ; in the former, those which were moducin- 
were doing so at the rate of 0^032 volume-units during the experimentai period ; iiT 

the latter their average voliime-prodiiction was 0-045 iinitSi 

The mean length of fibre, all fibres mcluded, did hot differ significantly in the 
two groups, but if the shorter fibres (which conceivably coiitribute little to tlie ap- 
parent staple-length) are: neglec^^ the average growth on the sample areas of 
the starch-fed group was about 1 cm. longer than that on the areas of the basal- 
ration group. The difference in rate of p due to the starch supplement 

was^amfested more as a difference in the fineness of the fibres, in the sense that 

1 ie fibres were maintained at a fineness nearer to their pre- experimental value than 
were tliose gi'own in the basal-r,i.tioii giotip, the respective difiercnoes heiite in 

1 “ fineaeas 83 per cent 

anu X'i per cent, 


: Discussion. 

The addition of starch to the mamtenanoe ration of young Cheviot sheep 
produced a significant increase in both fleece-weight and body-weight. The increase 
oi fleece-weight was largely due to a definite increase in flbre-tliiclaiees, a slight 
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inorcase iii ll])ro-leiu^tl], and ])OBSib]j also to an increase in tlio proportion of follicloB 
sctively elaborating fibres. Additional carbohydrate in the diet therefore led. to the 
incjreased production of a snbstanco predominantly protein ill natm’e. 

'.rite depression of wool-production in the basal group might presumably be due 
to iiiiti of two causes I--- _ : 

(u) Tluq^otein in the diet might ha Yo been used mainly for supplying 
energy. The .influence of starch in / increasing wool-production would 
then be an illustration of the well-known protein-sparing action ol 
carbohydrates, t ■ 



{h) The activity of the wool follicles might have been dei>ressed by the lo^v 
energy-content of the basal diet. The addition of the starch would then 
have increased the metabolic activity of the follicles, leading to increas- 
ed rate of elaboration of their characteristic product. 

'’J.hio theoretienl {piostion at issue is whether the depression of wool-production 
in the basal group was due to decreased activity <.)f the wool-folli(;le, or to a defi- 
ciency of the substances required for the material expression of that activity. It 
is possible that both factors were involved. 

The results of the (3X]-)eriment have an important practical application to 
Xuistoral conditions. Owing to the protein nature of avooI, it has been widely as- 
sumed that reduced w'ool-prod notion must be associated with deficiency of protein 
in the pasture. Yet under drought or other famine conditions where sheep are 
losing w’^eight, it is evident that any protein supplement fed will ho used in the 
first place as a source of energy. It is therefore obviously equally efficacious, and- 
usually more economic, to feed the cheapest available carbohydrate supplement of 
high caloric value. Such a supplement, in the light of the experiment here record- 
ed, may he expected not only to maintain normal body- weight, hut normal wool- 
prodiietion as weU. 

Summary. 

(1) One group of ten growing sheep w.-rs fed on a maintenance ration. .A. 
second group of ten was fed on the same ration sirjtpleraented with .mi!,iz(3 starch. 

(2) The srurch produced a significant increase in Ixah body-weight and gooss 
flecco-weiglit. 

(3) The increase in gross fleece-weight was reflected in the wcught of (haul, 
wool. 

(4) This increase was due to a definite increase in fibre-thickness, a slight- 
increase in filwe-longth, and possibly also to an Increasj. in the pro[>orti(m of i‘(.>Ili- 
clcs actively elaborating fibres. 



WOOL-GrEOWJ’H IN SHEEP AS AFFECTED BY DIET 

( 5 ) interprel-atioDa juid tlio pi-aofci(*.ai applicati* 

iiUMii.a-I roHiilt'S ai’c tiincustscd. 


»* - • » Weber, „P?w. Amcr. Soc. A.mmal Prodnction^ Jaiii. 1932, p. 228, 

4. H, 11. Mnvston and T. Bn. i l.sfnrd ID. berts-on, C. S. T E., Auslral, Bull. No. 8!), lO'JB. 

5 . H. ID Mursloiu C. S, L E., Bull. N(i. 61, 1 P 32 . 

6. A. ir. H. Fraser and J. A F. Roheris, ,7. Jr/ric. Sci, IMS, S8, 07. 

7. J. B. Dii.:Hdoii,_¥. an P. S. Boil, a, 18th Eepn-fc of Dir. Yet. Servdcos and Annual 

Industrj, Union S. Africa, 1032, p, 63 i. 

8. r. d. Ihi Toit, A. I. Malaii, and J. W. fhwiewnhl, isth lE^port/of Dir. Vet. Seiadrx’K.^ 

Aminai Industry, Union S. Africa, 193 A p. 611. ' 

0. A. T. King, 

U). A, lOngand d. Ji Nicluvls, 5^06., 19^ 

11.," J., A, IV Roberta, J.TeH,Insi,, 1030,. 21, '".T. 127.,, . 

12, .D.,H.>Stmugew%s,: -S'o^l933,'2S,,;3B9; 



ON THE TNC^:Dl™:)IU)]<^S rOMAatl WORxH^ tnlamb.stnthe 
NORTH OE SCOTLAND AND TH.E1R {/ONTROL BA" PROGltES^ 
SIVE SECTIONAL Ol-IAZING. 

■■ ■ BY 

BAYID ROBERTSON, Pb.D., B.Sc. (Age.), N.B.A.; 

Lectimr i/n jLijnGulUmil Zoohgy, Nor(k of GoUege of AgriculUm 

AND 

ALLAN H. H. ERASER; M.D., M.B., Gh.B., B.So., 

Rowett Research Institiits, Aberdeen. 

(Reprinted IVom the Jourtitl of Ifelminthology, V^ol. Xt, No. 4, October 193;{ G 

Introduction. 

Reeeiit invest; igatioii-s oirriel ovifc Ly the senior writer on the incidence of para- 
sifeic hclininths in the alinieatary tract of sheep in the north of Scotland have 
demonstrated heavy losses in lambs due to parasitic gastritis. In the autumn 
of 1932 six severe outbreaks were recorded in the counties of Kincardine. Aberdeen 
and Moray, but no doubt this number would have been greatly exceeded had it 
been possible to make a comprehensive survey. Some idea of the severity of the 
disease may be judged by the fact that several farmers lost from 10-20 per cent, of 
their lambs. 

The usual inedisposing cause was observed in each case, namely, over-stocking 
attended by failure to move the lambs on to fresh ground when symptoms ot 
parasitic infestation w'ero apparent. 

Pasimortsm examination of diseased lambs revealed (-.hat the lesser .stomach 
worm, Osterlagiit cdrcumcwcta was j)resent in very much larger numbers than any 
other parasite. 0. Irifurmla sometimes occurred in small numbers but no attempt 
was made to separate the two species. Die Table below gives the numbers ami 
.species of helminths found in two typical cases of parasitic gastritis, 

A further 6 untreated lambs from dilTercnt areas were' auto])sicd but no lecord 
of the actual numbers of worms present wns taken. A eJoso examination of the, 
aboma.sum contents was made, however, and in each case the numl)er of 0. oircum- 
cineUi far exceeded that of H. contoHus or any of the intestinal worms found 
present. It may, therefore, be concluded that parasitic gastritis in lambs in the 

norfh of Scotland is mainly due to O. GircimcinGta and that any control measures 
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directed witli a view to clieokiiig the diseaBo should be carried out against this 

Table L 

Sliumugiu number (md species of MminfU found in IJw iilestiruil fniel. of 8 hmhs 


offering from pcmmido gastritis. 


Humber 


Morayshire 


ICineardiuosliire 


SiKJcies 


ICilfed 

28th October 
1932 


Killed 

16th September 
1932 


Abomasum 


Ostertagia dretmein eta 
Hmrmmhm contorlns 

Wemdoiirus filholUs 
Trichospongylus vitrin us 


Small iutostiue 


Gooperla curticei 
Momdontus trigomceplmlwi 

Ghahertmomna . . 

OmpltagQsiQfmm vemilosim 

Triclmris avis:.' ' , ; , .. 


Largo mtestiue 


0»o«ar 


The fact 'that ill Sootlaiid Ji, contorhis 


occiits in sheep in relatively small .D nm -'' 
t withoiit interes 

u, A. and South Afidca the reverse is the being more important 

from an economio point of view than 0, mrGummwta, aJthouglx according to a recent 
report on parasitic diseases in U/S- A. (1932) the lesser stomach is stated to 
be more common in some parts titan others, particiilarlj on the West Goasfc. A 
similar state of affairs exists in, Australia, for acoordiiig to Seddon and Ross ( 1929 ). 
H. is of the greatest Importance as the cause of parasitic, gastritis in Rew 

South: Wales and Queenslaiid, but to a Jess , extent in the Southern Australian Stutes 
where mfc^tation with 0, CiTOMWicinefe appears to be niore oonimon 

The literature on the coiitro] of stomach worms by the admiiiistratirn oj“ 
anthelmintics is extensive and it is well known that E. can foe readily 

controlled by dosing with copper sulphate. Unhntiniately 0 dfGmi>6i7wmk niuch 

less susceptible to the action of anthelmintics and no timv whieh will rAinmn. tin. 



ON THE INCIDENCE OF BrOMAOH WORMS IN LAMBS IN THE 
NORTH OF SCOTLAND AND THEIR CONTROL BY PROGRES- 
SIYE SECTIONAL GRAZING. 


DAVID ROBERTSON, Pij.D., B.So. (Aor.). N.D.A 


Ij(M'urer in /igriGullural Zoology, Noflh ryf ScoUand (Jollcgo of Agnculkire 


ALLAN H. H. ERASER, M.D., M,B. , Gh.B. , B.So . , 
Rowett BesewGli lnstiMe, Aberdeen. 


(llcpriuted the ^ Vol. Xr, Na.4, Ootob 

Introduction. 

Reoenb iavesbigatioiw oarriel out by the senior writer on the incidence of para- 
sitic helminths in the alimentary tract of sheep in the north of Scotland have 
demonstrated heavy losses in lambs due to parasitic gastritis. In the autumn 
of 11)32 six severe butbreaks were renorded^^^^i counties of Kincardine, Aberdeen 
and Moray, but no doubt this number would liave been greatly exceeded had it 
been possible to make a comprehensive survey. Some idea of the severity of the 
disease may be judged by the fact that several farraers lost from IO-2'O per cent, of 
their lambs. 

The usual predisposing cause was observed in each case, namely, over-stocking 
attended by failure to move the lambs on to fresh ground when symptoms of 
parasitic infestation were apparent. 

Po.s'/merton examination i)f disiiasetl lambs revealed iihat the i( 3 ssor stomach 
worm, Ostartagbo onoKmcmeta w.as present in very muc.h Jarger numbers than any 
other parasite. 0. Irijiirmlo- sonuitimes occurj'ecl in small numbers but no attempt 
was made to separate the two spec iovS. The Table below gives the numbers ajid 
species of helminths found in two typical cases of parasitic gastritis. 

A further B untreated lambs from difTercnt areas u'ero aiito})sied but no lecord 
of the actual numbers of worms present was taken. A close examination of the 
abomasum content.s was made, hoAvever. and in each case the number of 0. rAroum- 
cincta far exceeded that of IL oovlorlOH or any of the intestinal worms found 
present. It may, therefore, be concluded that parasitic gastritis in lambs in the 
north of Scotland is niaiiily duo to 0. GiremnomeLa and that any control measures 
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directed witk a view to oKeoking the disease skoiild be carried out against this 
..parasite.," . ■ 

Table I. 

Slmwing the numher and speoies of helmintJis found in the intestinal tract of 2 lambs 

miffering from parasitic gaslntis. 


NtJHBER 


Moluyshire Kinoardiuosluro 


Spociios 


Killed 

iStli Seirtembor 
1932 


Killed 

26th October 
1932 


Abomasum 


Ostertagia circAtmoincta 
Ecsmonehus contortus 

Eematoilirus filicoUis 
Trichostrongylus vitrinus . 
Gooperia curtieei 
Mamdontim trigonocephalits 

OhaheMi% onina . . 

OesopTi agoslo mum ve nu loa tm 

Trielmris ovis . 


Small iutestiue 


Largo iutostiire 


Oieeum 


The fact that in Scotland H. occurs in sheej) in relatively small num- 

bers compared with 0. circimcinota is not without interest. Generally speaking in 
U. S. A. and South Africa the reverse is the case, H. contortus being more important 
from an economic point of view than 0. circwieiimto, although according to a recent 
teport on parasitic diseases in U. S. A. (1932) the lesser stomach worm is stated to 
be more common in some parts than others, particularly on the West Coast. A 
similar state of aif airs exists iii Australia, for according to Seddon and Boss (1929), 
//. contortus is of the greatest importance as the cause of parasitic gastritis in Hew 
South Wales and Queensland, but to a less extent in the Southern Australian States 
where infestation with O. cwmowrctooappears to be more common. 

The literature on the control of stomach worms by the administraticii of 
anthelmintics is extensive and it is well known that H. cowtorrt;.'? can be readily 
ountrolled by dosing with copper sulpiiate. Unfortunately 0, circamcincta is niuoh 
less susceptible to the action of anthelmintics and no drug whicli will remove tliis 
parasite effeetivel/ from the abomasum has as yet been discovered. 

Control of si.oniach worms by a system of folding pastures has long been advo- 
cated, and some of the results obtained by this method for H. contortus liave been 
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luglily BUGcessful. Such a system of control is based, on the nature of the life cycle 
of the parasite, whicli has been worked out in detail by Veglia (1916). There docs 
not appear to be any complete account of the life cycle of 0, ciroimcinctci; but most 
workers are of the opinion that it follows the same course as H. mitorim in which 
the succession of events is as follows : — 

The eggs laid hy the mature females in the abomasum reach the ground in tluj 
faeces and the larvae hatch out in about 24 hours. These feed on certain bacteria 
in the faeces and must pass the next two stages of their development on the ground 
before they are capable of infecting the sheep- The time taken to reach the infec- 
tive stage may vary from 3 days to several weeks, depending on the temperature 
and degree of moisture present. 

It can be readily understood that the time taken for the newly hatched larvae 
to reach the infective stage is the all important factor in regard to the introduction 
of any system of coTitrol by progressive sectional grazing of the pastures. In this 
connection Taylor (l!)2i>) states for both H, oonlorf-ufi and 0. GirGimoincla that, 
‘ although in this country dcvclox)ment would rarely be delayed because of excessive 
dryness, the tcmjjerature is usually below that bt'st suited to the larvco and it can 
only be in oar waimest weather that they reach the infective stage in loss than 10 
days’. 

Assuming that the larvae of 0. requhe a period of tern days to be- 

come infective it follows that any system of progressive sectional grazing whereby 
the lambs are shifted on to clean pasture every 10 days should give complete con- 
irol. Before advising control measures along these lines, it was decided to carry 
out a preliminary experiment with a view to gaining information on the following 
points : — 

(1) The extent to which stomach worm infestation of lambs can be reduced 

by a system of progressive sectional grazing. 

(2) Whether 10 days is a safe maximum period to allow between successive? 

shifts in reducing infestation from 0. omurnGincla. 

(3) The degree to which lambs can become infected when put to graze with. 

their infested dams on clean pasture. 

The experiment was undertaken Jointly under the north of Scotland College of 
Agriculture and the Eowett Research Institute, the latter providing all facilities for 
the investigation. 

Plan oi? the experiment. 

A three acre field of excellent third year's grass which had never carried sheexr 
was fenced into equal portions. Both portions were on a gradual slope and compar- 
able in every respect as regards grazing and drainage. 
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Six .BlacklVu’o ewos i-Dul ilieir twelve twin Grcyface ia,m!w a.pijrosjmately six 
Weeks oid wore put into otui iiaif of tlie lic.ld on 25tli May '!Uo2. and allowed to 
graze over (lie vvliole 1.1 a.oro3 np to tlie 28t]i August ld32. 

Table II. 

tilunmi.g (he number qf eggs per gram of J(V.oe?. from lambs at 6 weeks old. 


it- - trogr('?!sio!)!il "roii'p 


N. P.:- X'on-pregrc.ssinnai gniup 


An equal iiiimljer of ewes and iambs wore allowed iio graze oidy l-lOtli of the 
other half at one time, the qwes and ilieir laiiibs beiiig clianged to clean sectioos at. 
lO-dfiy intervals. A temporary fence of slieexj stakes and wire-netting served to 
confine the animals..; . 

■Both groups of Iambs W';ere selected as nearly alike as possible wifeli resjieedi to 
age, weight and condition. The average weights of the prpgresBioual and non-pro- 
gressional groups were lbs. and 23 'h lbs. 

IMor to the oomraehcement of the experiment the ewes and iambs rkere sub* 
mitted to fsecal examination for the. presence of stomach worms. Fmcal cultures 
demonstrated the presence of a moderate to heavy infestation of both M. contorkis 
and 0. amimefwcto'm alHhe ewes. 

Three lambs from each group were submitted to egg counts by the Stoll metliod 
(Table II). The fseees were removed by hand, the method being to msert the sinnll 
finger into the rectum. 

Since it is not possible from an examination of eggs to determine the sfiecies of 
worms jjresent, fa3cal cultiire.s were made. Approximately 90 per (;etd'., of tloi 
migrating larvse were identified to ho O. remaining ic }icr cent, 

hohig NemakHUrus mid Tfielioslrongghm A lamb from the same source and 

similar in age and weight to those submitted to fmoal examination was autojosiou 
and examined for helminths. The abomasum yielded TG 0. droumerueia but no 
//. mUorlus, while the small intestine, colon and ca'cuin contained no helminths. 
It may he concluded tlieref ore that 1)oth groujss of iambs commenced tlie expaui- 
meut Avith an initial infection of helminths consisting almost entirely of 0, eiromn- 



Bate of weighing 


Bate of weighing 


■iAtiglit of tlic lambs at the hegimting of the experimeixt 
weight of lambs at the end the ejqjeriment . 
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Table IV 


wonm reGovered from the ahoimsum^^ of the pvj'msional 
amd 'iwn-p'ogressional group!^. 


Pi'o.!fro.ssional 


Kcm-progrc‘ssional gr<jui>---'N. 1 


77. rontnr- (). 
tun 


77. ci>ntor- 
tus 


O. circum- 
cincla 


, arcum- 
chictd 


Discussion op results. 

]ii the case of II. confoTtHs tlie total Dumber of worms recovered from tlio 
Limbs of the iiou-progressional group was 1.650, or an average of 268 per la 
Trom tlie progressional group only 12 worms were recovered, giving an average 
2 per lamb. Tliose results sliow that progressional grazing was efficient to 
extent of reducing II. contortus infestation 99‘2 per cent, compared with the : 

progre.ssional group. In other words II. c-onlorhts can be (iomploteiy controlled 
this system. 

llie average number of 0. cirGimoincfa recovered from the noii-progressi< 
and progressional groups was 806 and 166 respectively, givina: an. eiheienev of . 



274 THE INDIAH JOUEWAL OF VETEEINABY SCIENCE AND ANlMAt HUSBANDEy [IV, III 


paBtui’c with their iufccfcefl dams. AJtlicmgli the iiumhers are too small to cause m 

serious harm, the e^■i(lclit:c slioAvs the advisability of dosing ewos and having them as 
ircG of worms as possible before putting them to graii^e with their lambs on now 
grass. 

Aohnoiderlgmetits. Wo wisli to thank hlr. E. L. Taylor, Veterinary Laboratory, 

Weybridge, Professoi- James liitchie. Natural History Department, Aberdeen 
University, and Dr. Orr, Director. Jtowett Kesearch Institute, for their helpful 
mtioism. 
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PYRBTHEUM AS AN ANTHELMINTIC BOE ASGAltlDIA LINEATA. 


R. B. EBBBASSIEB, 

(Jolmnhini. Ohio College of V ei^erinarg MediGiney Ohio Stale Unimrsily.'^ 
(Reprinted Imm J (mrnal of the Amerimn Vetermary M'eilical Association, 1^. S. Vul. :}7, No. 4, April 10S4- 

0¥er a ceiitilry ago. it was discovered tliat flowers from cortain. sxicoies of the 
pyrethrimi pkiit would Idll various forms of insect life. The pow'-de-rcd flowers of 
this plant have been exported under various names from certain xu'Qvinees of Persia 
and Dalmatia into European countries for use as insecticides. Tlic drug was intro- 
duced into America first about the year 1860. 

The pyrethrum plant belongs to the genus Ghrysanthemiini. of tluj family Oom- 
positae. Ginsburg^ lists the following species as being toxic for insects : (1) rosiuim, 
(2) earneum and (3) oinerariaefolium. The last-named sjieoies is cultivated eape- 
eially for insecticidal purposes because it is higher in insect hudal properties and 
gives a larger yield of flowers. 

Pyrethrum is Very poisonous to insects and cold-blooded animals, but it is not 
toxic to man or other vs^arm-blooded animals. Although all parts of the xd ant are 
toxic to inseots, most of the toxic priPciplo is found in the flower-head. The toxi- 
city is due to two bhemicai compounds named pyrethrin I (C20H..0O5). These com- 
pounds are highly insoliibie in water but dissolve readily in most organic solvents 
such as alcohol, acetone, ether and Icerosene. Tlie tofcal x^yrothrin content of the 
dried flowers varies from O'Sto 1*2 x^er coiifc The term p^ytctliriim refers to tlie 
entire plant, while pyrethrin designates only the active princixke. Within recent 
years, pyrethrum has become one of otir most valuable insecticides and large 
quantitieB of the flower. s are imported annually into this eoiintiy from Ja.pan. Italy 
and other ooiiutries where this plant is cultivated. 

Staundiger and Eussicka*^ described the active pn’inoiples of pyretlirum and the 
toxic action on cold--blooded animals, and stated that oral administration to warm- 
Iflooded animals was without danger. 

Chevalier'^ began internal medication with this drug in man and domestic 
animals. Ho found it to be very efficacious in removing ascarids and tenia from 
dogs, and stated that young dogs wmuld withstand large doses of this drug without 
a]ixmrent riiscomfort. A dose of 10 mg. was found to he sufficient to remove all 
Ionia and ascarids from the dog. v 

* la co-oporation with, tho Ohio Agric. Expt. Stu., Animal Disease Lahonitories, Eayjioldslmrg, Ohio. 
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r, Votcriiirtry Scrvi™, reporto,! tlio 

■=. Ik of f. ic.r work ™ (.ko of pyrol.ln-iii for t.lio r„m.,vul of 

“r;!' 'fT' k '“■"■'’'W'J"'* "-<»■« 'vitl. aformola 

tint k i'lTostiaators statu 

lat tkosupunorityolpyruthnnHusinits dufimtc lutJial rattier tliaii' paraWo 
of poiiltrv 4 ’ ’■ ' '“'S’** ill removing intestinal parasites 


Methods. 

mdiv dual cages having wirc-mesh hottoms and removea),l„ pans for tlie droppiims 

“XnT “ ™--^'“’-‘-U-achhird^afir« 

Lami nHo “‘i f '>*' Ifost-slangliter 

were rerr.. Ttl “ ‘™*»oii* i intestinos 

were opened ,uid their contents scraped into a vessel containing tap ivater. Both 

contents .e™ examined for^hep.^^^^^^^ 

Since no record could be found of the nsc of pyrctlmmi for the removal of 
ntestmal parasites in the chicken, an arbitrary dose had to bo determined. Based 

;::t7p;i“” “ ^ *’'« 

Since the pyiethrin c^outeut of the dried floivercs varies from O'S to 1-2 per 

contained not less than 

of 0-8 pe7nt. showed a pyrothriii content 


pi 


Experimental data. 

e result obtained by the ailministration of 200 mgs. of powdered pyiethnr 
8 per cent, pyrethrin) for the removal of A«ri,K« lo given : 

the percentage of worms removed compared with the tot 


• W; 


PYRETIIRUM. AS AN ANTHELMINTIC FOR ASCAIllDfA LINEATA 


ml 


k 


h 




Tahle I. 


AnihclmitUio value of pj/rel/n’nni-for Asduiidia JitiofUia {200 ftuj, contmiing 

O'S ger C(M. 'pijreObrin). 



1 Ascai'idia observed iu cUMpiiings after treatment 

Tosfc- 

slaugliter 

observation 

Efflcieney 
per cent. 

12 Hrs. 

24 Hrs. 

72 Hrs. 

Total 

1 

8 

6 

2 

16 

0 

iOO 


■ o 

' 2 ' 

0 

7 

0 

100 

2 

16 

6 

3 

25 

0 

100 

4 

9 

4 

0 

33 

0 

100 

5 

1 

0 

0 

1 

0 

100 

, , tJ . 

10 

■ 2 

0 

12 

■ 0 ' ■ 

100 

. ■ 7 ■■ 

8 

4 

0 

12 

0 

100 

a 

0 

8 

4 

12 

0 

100 

') 

0 

'■ 2. , 

0 

2 

T}- 

28'.5 

10 

O' 

6 

. 4 

10 

0 

100 

■Ji 

0 . ■ 

"■■ ■ 'ID. 

" 0 

.16 

0 , :■ 

100 

12 ■■■ 

: '.4 

6 ■■ 

G 

15 

0 

100 

13 

15 

0 

0 

15. 

0 

100 

\ ,14 

12 

" ■■ .O'. 

0 

12 

0 

100 

15 , 

S : 

,',,"■■0 ■ ' 

0 

B 

1 

88*8 

" , If}'. ■ ■ 

■■■ 4- ■ 

■■ 8 ■ ■ 

0 

12 

0 

100 

" 17.," . 

8 "' ■ 

3 

4 ■ 

15 

0 

100 

18 

0 

2 

: '3 . ' 

0 

0 

100 

19 

0 

0 

3 

3 

2 

fiO 

20 

0 

0 

" ■ 8 .. " 

8 

4 

66'7 

21 

8 

i 

5' 

14 

0 , 

iOO 

22 

2 

4 

3 

■ Q 

.0 

100 

23 

1. 

5 

10 

16 

0 

100 

24 

0 

4 

11 

15 

0 

100 

■■23' ' 

0 

6 

5 

11 

„, , 

mo 

26 

4 

■ ■■ 2 ■ ■ ■ 

4 

10 

0 

100 

27 

0 

0 

0 

0 

■■ ■■ 4 ■ 

0 

28 

3 

■,■'■■■■'6 ■■ 

2 

' 11 

0 

100 

■■■ ■■ 29'. ■■■ ■ ■ 

6 

":4 

8 

IS 

0 

100 

30 

0 

8 

■ ■■■■■ 2 

10 

,■ ■ 1 , 

90-9 

Totals 

132 

103 

93 

333 

17 

95-14 


In 24 of the 30 birds treated, coinj)lete elimination was obtained and only one 
bird failed to pass worms following treatment. Five birds passed some worms 
following treatment but did nob eliminate ail of them. 


Birds 16 and 30 'jiasscd all worms except one and in each instance the remain- 
ing worm was found to be dead when the bird was slaughtered. Birds 19 and 
20 passed the majority of worms present but did not have complete elimination. 
Bird 9 passed only 23-5 per cent, of the worms present and bird 27 failed to pass 
any. It is possible, in the latter case, that the capsule containing the drug may 


; 


. ” 
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iiavo failed to paea into the crop and wae coughed out, although no trace of pyre- 
thrum could he found in the dropping-pan. 

The efficacy of pyrethrum against A,'<cnTi(Ha linmki. based on the worm total, 
was found to bo 9tj*ld per cent. A total of Ai^'carklid U/ieaLa were moved from 
the 30 birds treated and 17 were found at post-slaughter examination. The largest, 
number of worms wore removed in the first twelves hours following treatment, 
being recovered. At the end of 24 liours.. an additional U)8 worms were re(;overed 







and 93 wore passed between the 2-lth and 72uu hours. 

The foregoing data indicate that pyrethrum {containing 0-8 per cent, pyre- 
thrin) has a high efficiency in removing Amiridm Ivoeala from the chicken. Tt 
has an added advantage in. that no ])urgative is re({uirc,d. 

It is (piite possible that pyrethrum may be found to be higldy oflicaont agaisist 
other species of parasites. Tests are being eojuluctod to ile.torjnine its offioionoy 
against tapowo.rms infecting the chicken. 

Summary. 

Powdered pyrethrum in doses of 200 miligrrans, containing 0*8 per cent. ]>yre- 
thrin, was a<lministered to 30 adult cliickens, to detei-iuiuo the e.ffioiency of the tlrng 
in removing Asaandia Umata. The droppings of each bird, voided over a period of 
72 hours following treatment, were examined for Ammdiu Ikieutu. These ])irds 
were then killed and examined for the presence of Anoaridia Uneala. Twenty -four 
birds eliminated ail Asaaridia Imeata following treatment and only one bird failed 


to pass worms. Five birds passed Aficufidia lineaiu but did nf>t completely elimi- 


nate them. The efficacy of pyrethrum against Ascundia, UneaifL based on a wurm 


total, was found to be 95*14 per cent. 
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BABIES KXPEEIMEBTAL VACCINATION* 
SECONI) AND THIED EEPOBTS. 


M. h\ BAENES, A. N. METCALFE and W. 1. MAETINDALE, 
Fe/tm-Kyhairia Brnnav of Aifimal hi&iiMnj, Barnsbfmj, Pa. 

AND 

\V. LEE’I'Z. Philuildpliia, Pa. 

Dim-tor of (he. Bmail-A nimal f^lihie 'Velo.rivary Behoof Unir.crsify of Pe?uisylrama. 

(Rtpriiifori from tlio JounviJ r,f lh< Aifii-i'ii'un Vffn'inary Midiral N, .‘!7, No. 5.) 

Tbis tliird report is dosiguated ' Becoiid a.nd Tlilrd Keports ’ becaiiHt! if' in\’ol,ves 
a^d siipplenieiits tbe second report which was presented at the Veteriiiaiy Confer- 
ence in Idiilaaielphia, in JariimryA 1 932, hut, which was 

Our first report contained a Aiesciiptioii of the purpose of our expeTimeiits, 
t!i(^ location and description of the groiindB and Iniildings, the sources of the dogs 
used and susce]jtihilitv tests, and a preliminary repmt of the results of fhc use of 
carholis'.ed canine rahies single dt)So vaccines ohtained froni f<.»ui’ different cauuniar- 
ciul laboratories. Tliese fotir vaccines, in order not to disclose the identities of the 
laboratories from, wliich they wnire obtained, were designated as vaccines A, B, 0, 
and ]). 

The first report cf)!itained the following summary : 

Of 27 dogs vaccinated and later exposed 24 (SO per cent.) died of rabies. 

Table 'I.' ■ . . ' ■ , ■■ , 

Bmmmttj of remits of Urn •me of carholized vaeoine. 


other cia.ii.sfw 


Ooatrola 


^ Presented at llio seventieth aiainal meeting oi the American Veterinary Medical Associatimi, 
Chicago, III, Angwst 14-18tli, 1933. 
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Of ]] lUivuociniitod 0 (>nk‘o]« oNposful. 1,0 (01 per cout..) died of rabies. 

i8inc(i the .rc'porf wji.s luadcL tlie reiiiaiiider of -JO vaocijiated dogs and iid(liti(Mi.;il 
ountj’ols \V(Tc exposed, and tJio final sunnnat.y of On? re.snlts of dogs treated 
with earboliwd vaeeino is presente.(l in Table I. 



Discussion. 

Tlie results of our studie.s, in the use of the single-dose carbolized canine 
rabies vaccine, indicated that none of the vaccines used were capable of iinmnni- 
zing dogs against any of tlie viruses used. 

There was some indication tliat the injection of street virus did not immunize 
dogs against a subsequent injection. 60 or more days later, of eitber tlie same 
strain or a different strain of virus. * 

The single-injection method of vaccinating dogs vvitli carbolized vaccine is appa- 
rently unreliable and does not immunize dogs against rabies, and, therefore, should 
not bo relied upon as a moans of controlling rabies in dogs. 


Chloroform-treated vaccine. 

After the first experiments in the use of carbolized vaccines were nearing com- 
pletion, another group of healthy dogs was inoculated by different channels— sub- 
arachnoid intramuscular and intravenous— -with various dilutions and various-sized 
doses of rabies virus to determine, if possible, the comparative minimum fatal dose 
and to form a better basis for exposing dogs after vaccination with a chloroform 
treated vaccine. In these tests, only one virus (2703b) was used and dilutions were 
made so that O’S e.c. represented the dose in each case, Emulsions ranging from 
10*0 per cent, down to 0*009 per cent, were used, and the O’S o.c. dose contained 
amounts of brain material ranging from 0*8 grains (60 mg.) down to approximately 
0'00()7 grains (0*06 mg.). Tbe results were somewhat irregular but there seemed 
to be some indication, within certain limits, that tbe dispersion of virus bv dilution, 
rather than the amount of virus, had some relation to infections which took place. 
On August 20, 1931, 30 healthy dogs were vaccinated with commercial 
ihoratory A) chloroforni-treated rabies vaeoine prepared by tbe Kelser metliod. 
A.n equal mpnber of dogs were eet aside eontmls. These groups were sub-divi- 
cd and, later, ipdiyi-dpl (JpgS Of gfniipi waro exposed through diierent channels 
to different sti^ains of virus aS is showi® in LaFiifta ’ 
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TABtB IV, 


Pasteur virus J850EE5 (10 per eent. emuMon). 


SlreM was 27039B71 (10 per eenl. emuMon). 


expoHure 


Vacjcmatcd 


Metliod 


Subaraelmoid 


J Subaraohnoid. 

I Intravenous 
Llntramusoular 
fSiiboraclmoid 
Subaraelmoid 
I Intravenous 
^ntramusoniar 


Controls 


Lived. 


Dog 

1 

Vacomated 

Virus exposure 

Date Method 

r"™ — Eesalts 

Bose (c.R.) 

248 


j'Subaraolmoid . 

0‘1 R. * 0 days. 

228 

>■ 20-8-31 

j 

, « Subaraciliixoid . 

1 

0-3 R.>9days. 

174 


l^Intra. venous 

0'5 ' LivMl. , . 



17-11-31 


290 

1 

pSularaelmoid . 

0‘I E, * 8 days. 

lies 

> Couirola 

. . Subar.ic-lHioid . 

R. * 8 days. 

391 

1 

J 

t^hiiraveuous . 

0'r» ■ ' Jjived. 
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Table VI, 


Blrccl virus 500121)223 and 214 {10 per cent, emulsion). 


exposure 


ViieoinatcHl 


Results 


Subarachnoid 


Subarachnoid 


Lived, 


^ Subarachnoid 
I Subarachnoid 


Oontrol.s 


Street rirus 27039BS2 {1 per cent emulsion). 


exposure 


Vaccinated 


Kesults 


Mefcliod 


Intramuscular 


I Intramuscular 
I, Intramrisoular 
flntrainnscular 
I Intramusoular 
(^Intramuscular 


Lived 


Lived. 


Oontrulb 


Lived 
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TAHI.E VIII. 

Summary oj results of initial exposures [Tables 11 to VI 1 inclusive). 


V acciiiaf ed 




Died of rabies 


Died (rabies not j)rovod) 


Incubation periods following artificial exposuufs. 

The average period of time from exposure until death in 117 proved cases 
of rahies in dogs was 21T) days. The usual period was hotweeii 13 and 25 days. 

In 13 dogs (Table XII) showing a period of 30 days or more, the average was 
50*8 days. 

One dog showed a period of 223 days. 

Twelve dogs showed an average of 46'3 days. 

In 104 dogs showing a period of less than 30 days, the average was IG' 7 days. 
T'oiir of these were exposed to fixed virus and died in an average of 8*5 days. 

In 100 dogs showing a period of less than ?0 days, and which were exposed to 
street virus, the average period until death was 17 days. 

Discussion. 

There undoubtedly has been a greater increase in the number of centers of 
infection throughout the country, and the number of cases of rabies both in animals 
and in humans, since the single-dose rabies vaccine came into use, than for nnv 
other equal period of time known; yet the States are better equipped with 
transmissible disease control organizations for combating animal diseases. This 
increase may be partly due to a feeling of false security built up through the use 
of the single-injection vaccine. 

We are convinced that the use of the canine rabies vaccines now on the market 
does not oITor a successful means for the control and suppression of rabies. 

If sanitary officials are going to cope successfully with the rahies situation to 
prc.vent an increase in the number of centers of infection, they must apply more 
strict sanitary police measures. 


sanitary poll* 
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Table IX, 


Jicnulta of .sulm'-qiient exjm'^nfes of survivors of previous experiments 


Alive Tth Aiig[t.st lOli; 




Alive 7tlt Au'Xusl I !»;!:>. 


Emul- 
sion (%) 


Method 


Virus 


] 6th iSTovcraher 193] 
16tli Novomhor 1931 
16th Xovoiuher liKll 
16th Nfovemhor 1931 
1 -Ith April 1932 
2(.)th July 11>32 
I4th Oetobor 1932 . 
26th June 1933 


;')(H:H2 

aOOl2 

.■>0(.)12 

50012 

.BK2 

liSS 

58932 

58982 


16th November 1931 
15th April 1932 
20th, .July 1932 
14th Ootober 1932 . 
20th June 1933 


50012 

B82 

1588 

58982 


N'otk.— Previous lustory of dogs 243, 452, 195, 31S, 453, 223, 214, 2557, 258, runl 43(i sr 

l.able"iL'",'. . . ■ ■ ■■■ ■■■ ' ■ ■ ’■ 


JVeu >U 


.Date 

Virus* 

I6th November 1931 

50012 

21st Juiv li532 

57382 

14th October 1932 . 

58982 

26t]i June 1933 

58983 

16th Novemlicr 1931 

50012 

21st July 1932 

57:i84 

14th. Oetober 1933 . 

58982 

20th June 1933 

58982 

16th November 1931 

50013 

15th April! 932 

BS2 

20th July 15532 

B8S 

14th Oetober 1932 . 

58982 

16 th Nuveml)or 1931 

50012 

loth April 1932 

BS2 

20th July 15132 

. B88 

j4th Oetober 1932 . 

58982 

20tb Juno 15)33 

58982 

16th November 1031 

60012 

Toth Api'iJ 1932 

B83 

20th July 15)32 

B88 

14th Oetober 1932 . 

58982 

26th Juno 1933 

58982 


KeBuIt 


II. :|; 22 ilays. 

Iv. 21 <iavs. 

1). (?) it 10 day, s. 


A!iv(‘ 7tlt August 1933, 


Alive 7t.li Augii.sf {i‘33. 

\ 

■ 

• y,; '-A-J'l 
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ResiiUs of i^-uhneqifoU ex^wiarres of SHrivvoT!? of prevuv.iH ('rX'pcri'iiiviit-'! - coutiiiucd 


Vacoinated SOth Augxts’X 1931 


51371 

51371R 

57384 

589S2 

68982 

1850EE5 

(Pasteur) 

1850EE5 

(Pasteur) 

57384 

f>S9<83 

fi7(t74 

:b7i 

B82 

B88 

58982 

07074 

B71 

B82 

B88 

689S2 


21st July 1932 . 

14tli October 1932 . 
2€th. June 1933 
17th November 1931 


loth April 1932 . 

2]3fe July 1932 
14th October 1932 . 
26bh June 1933 
17th November 1931 
inth April 1932 
20th July 1032 
I4th October 1932 , 
2()th June 1933 
17th November 1931 
16th April 1932 
2()th July 1932 
14th October 1932 , 


CoNTKOtS 


Method 


1 6th November 1931 
15th April 1932 
21sfc July 1932 
14th October 1932 . 


Virus 

Emul- 
sion (%) 

51371 

10 

5137111 

2-6 

57384 

1 

68982 

10 

1850EE6 


(Pasteur) 

10 

1860EE5 


(Pasteur) 

2*6 

67384 

1 

58982 

10 

67074 

10 

B71 

10 

B82 

1 

B88 

1 

68982 

10 

67074 

10 

B71 

OOT 

10 

rrrirrr-ir^linriitiriTihiil 'ill. 

rtHT’tf 



















ly :;;ih.-!cq Hud 6,cp:i-’;ni'6s of i^^iirvioor^ of ■preuLOi.k'i c/cpcrtm^'nl, -i-—GonQlniicd, 


17tu iVcomitsr 19:0 
21h 1' Jnly 19:« 
i-si.h ( Si'fciiicr 1032 . 

2{il,iiJi!no 1033 

ir.lli Apiii 10.‘>2 
2‘.'tii. .hilv’ ]1)32 
! itli. O.A.ilM;.- ]0:12 , 
2(5ih Juno 1933 

15th April 'i:)32 
2t)tli J uiy 1932 
I'lth Ocfcobor 1932 . 

intli April 1932 
2Uth .hily 1932 
llth October 1932 , 
20tii Jiiuo 1933 


50012 

10 

0-2 

SA 

57:181 

1 

0-2 

SA 

589S2 

10 

0-2 

SA 

67u'7'i 

10 

O' 6 

SA 

,B82 

1 

2-0 

IM 

B88 

I 

0-2 

SA 

f:8A12 

10 

0*2 

Sxl 

67074 

10 

0-25 

SA 

■BS2 

1 

4-0 

IM 

1188 

1 

0*2 

SA 

68982 

10 

0’2 

SA 

B82 

1 

4-0 

IM 

;b8i 

1 

0-2 

SA 

58982 

10 

0-2 

SA 

67074 

:I0 

0-25 

SA 


Alive 7th August 1933 , 


Alive 7th August 1933. 


E. t 17 clays. 


Alive 7tii August 1933. 


CoMTJCOliS 


isi™(%) (e. c.) 


Method 


17th .Deeoiuber 1931 

15th April 19:12 
2iJth.iuly 1932 
2nd E'ovoitibor 1932 . 

13tii April 19:12 
29th July J9;|2 
2nd Nuvoiuber 1932 

15th April] 932 
2iith July 19;J2 


E. .■[! 10 days. 


D. (?) § 24th November 
1932. 


D. ( ? ) § 16th November 
1932. 

'D. during inoeulation. 


NoTA—Previous hislory of dogs 362 and 284 given in table VI ; of dogs 292, SG4, 192, 361, 377 
and 2 *4 in table VII. 

* 1171, B.82, eto. ==71 st or 82n';l passage through I'abbiti: . 

. = Subarachnoid; lil = Intramuscular; IV ~ latravonoua . 
bioS'. 

\ Ksa nn-f. 
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Table X. 


survi-vors oj •preotoiis 


IX 6ondmisei). Residts # siibsequmt exfoswes 

expiii'imei'Us. 


Ooutrola 


Vaccinated 20tli iitigust 1931, 


Exposures 


Exposures 


Result 


Result 


Alive 7tli 

August 19112. 

Alive 7 til 

August 1933. 


Kith Novf'jii- 1>. ( Vjr 

her 1931. 2l>Ui No- 

vo mb 0 r 
1931. 

2(Uli June Alive 7t!x 

1933. Aiuguat 

1933. 

3()tJi June Alive 7 th 

1933 . August 

1933. 

I4th Ootober • { ’? ) t 

14tli X)eo- 

ember 1932. 

3 nth tluuo Alive 7th 

]0;',3. August 


5 26th June Alive 7th 2.'>S li 

1933. Augint 19.32. 

6 26th June Alive 7th 430 11 

1933. Augu.st 1933. 

6 26th June Alive 7ih 277 111 

1933. August 1933. 

6 26th June Alive 7 th 391 IV 

19.33, August 1933. 

6 26th Juno R. *13 days. 331 V 
1933. 


4 14th October R. *10 days 
1932. 


Alive 7bh 281 VI 

August 1933. 

Alive 7th 361 VI. t 

August 1933. 


1).{ ? 1 t 

Kith No- 
vember 
1932. 

1>, during 
inoculutii >n. 


.3 2nd Novoui- 
bor 1932. 


3 14th October R.* 17 days . 377 VIl 

1932. 


Jive 7th 294 VII 
August 1933. 

* Babies. 

f ( T ) *»* Rabies not proved. 
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Table XI 


Summary. 


OontroLs 


Vaccinated' 


Nuinber 


Numlier Percent. 


Died of otlier causes {definite) 


Balance 


Died— rabies proved 


Rabies syniptoina ; Negri I)odie.s not found 


„ , ... _ , inocula- 

ted rabbits survived more than 100 days; rabies 
not proved . 


Alive 7th August 1933 


Our latest experiments have indicated a possibility of the chloroform-treated 
vaccine being somewhat effective as an immuniising agent against certain Strains 
of street virus. There possibly has been some indication that exposure to some 
strains of street virus builds some resistance to later exposures. Generally 
speaking, however, dogs which have resisted exposure to a comparatively large 
dose of a potent virus have later succumbed to rabies infection when exposed to 
a comparatively small dose of virus. Some dogs succumbed after resisting 
several exposures. 


... 

20 

... 

1 

... 

19 

50 

11 

... 

4 

56 

16 

45 

4 


win 
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Table XII 


Data on IB dogs with. imidmUon penod of 30 dags of more, 


* >Submaxi31ary gland extract. 


Bata on rabbits with prolonged incvbation periods. 


Babbit, 


Exposed. 


Virus. 


7100 20th November 1928 
7i98 22n,d November 192S 
7288 2Sth December 102S 
7290 2Sth December 1928 
7694 15th March 1929 , 

8294 20th November 1929 
10499 t7th November ll'Sl 
10503 nth November 1932 
10996 16th April 1932 , 

12193 6th May 1933 


14 th February 1929 
29th December 1928 
22]id July I9::9 
old February 1929 
31fit May 1929 
29 ih December 1929 
2:'nd Janu'iry 1932 . 
IGth Fohruarv 19,32 
13th June 1932 
24th July 1933 


27993 Intraoouli 

27993 Suhdirral 

27993 Subdural 

27993 Subdural 

29870 Subdural 

33796 Subdural 

60012 Subdural 

50012 Subdural 

1850EE Subdural 
58982D232 Subdural 


A few dogs in both the vaccinated and control groups have resisted numerous 
exposures. It seems that if a dead virus will successfully immunij'e against rabies, 
a stronger resistance should exist in doge which have survived successive exposures 
, to a living virus. 

Quite frequently oases of rabies have been reported in vaccinated dogs which 
Were exposed to the bite of a rabid dog previous to vaccination, but very little 






Dog. 

Exposed.. 

Virus.: 

Method, 

Dose (c.e.). 

BgHgBBSWKWiva; ieaaeesaaieiaegaaaaoiaaii^aiic^ 

Died. 

QKaaiu«asza>ir 

Days. 

18 

20th Novenrber 1028 

27993 

Intriimuseular 

T-O 

21st December 1928 

31 

, 26 

20th November 19ii8 

27993 

Intravenous 

a-2.5 

20th December 1928 

30 

33 

20th November 1928 

27993 

Tntraperitoneal . 

0-25 

6th January 1929 . 

47 

21 

20th November 1928 

27993 

Intravenous 

1*0 

3i'th December 1928 

40 

95 

20th November 1928 

27993 

Intravenous 

0-5 

29tb December 1928 

39 

108 

20th November 1928 

27993 

Intramuscular 

0-26 

SOtb December 1928 

40 

81 

18th April 1929 . 

29996 

Dog bite , . 


30th June 1 929 

73' 

239 

19th April 1929 

29952 

Subarachnoid 

0*26 

13th dune 1929 . 

66 

240 

ISth April ! 929 

27039* 

Subarachnoid 

lU 

8th July 1929 

80 

307 

17th November 1931 

B71 

Intramuscular 

1-0 

8th January 1932 . 

62 

367 

20th July 1932 

B88 

Subarachnoid 

0-2 

24th August 1932 . 

36 

232 

22n.d September 1932 

68982 

Subi-rachnoid 

G'2 

3rd May 1933 . 

223 

262 

2nd No'^omber 1932 

68982 

Subarachnoid 

- 

0-2 

5th December 1932 

S3 
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111 our experimeufcs, all inoculated dogs were kept in individual locked cages 
made of wire cloth. Ho cases of rabies developed in healthy dogs which were 
placed in cages previously occupied by rabid dogs, and no cases developed in 
healthy dogs kept in separate cages in close contact with cages containing dogs 
showing physical symptoms of rabies. 

There was no evidence in any csise of harmliii effects following the use of 
vaccine. All vaccinated dogs remained healthy from the standpoint of rabies until 
after exposure to rabies virus. 

OONOLUSIONS. 

Conclusions at this time can be no more than tentative. 

Our experiments indicated that the oarboliaed vaccines used did not immunize 
against rabies. 

The experimental use of chloroform-treatod vaccine has offered somewhat more 
encouraging results than the carbolized vaccine, but not sufficient to warrant 
confidence in it to the exclusion of sanitary and police measures. Apparently no 
harmful effects are caused by the vaccine, and it is doubtful if enough good can 
com-3 from, its use to justify the expense involved. 

Sanitary officials should not rely on vaccination as a means of rabies control. 

Effective quarantine has successfully coatroiled rabies in districts where 
•■.■■enforced. 

All dogs known to have been exposed to rabies should, be killed. 

The usual 100-day quarantine does not furnish positive assurance that cases 
of rabies will not develop later, although for practical purposes it probably should 
not be increased. 

There undoubtedly is a successful way of immunizing dogs against rabies, but 
neither the proper method nor the proper vaccine scorns to liave been found. 

Several directions of future study have been indicated by past results, and we 
hops to continue our work on canine diseases, but we are not encouraged vuth the 
results obtained in testing the immunizing propertbis of canine rabies vaocin&e -^-'^... 
on the market, 

IlEFERENOE. 

Batoe, M,F,, Metcalfe, A.N,, and. Lentz, W. J. : InvestigatioiiB of canin 
reference to rabies. Preliminary reiJoii, Jour. A.V.M.A, .I^'' 
pp. 34-52. 




1?he present status o! anthelmintic medication for gastro-intestinal parasites ot the 
horse. Wright, W. H. J. Amer. Vet. Med. Aswg. LXXXIV, 11-24 (1034). 

In si)ite of a considerable demand there is scarcely any drug or combination of drugs which is effoc- 
tive both for removal of bots and ascarids on the oire liand and the Strongyles and Oylieostomes on the 
.other. 

Melhod of Adniinktration. The stoinaoh-tuhe is the method of choice. For parasites of stomach and 
small intestine fast for 18-24 hours, for those of large intestine fasting for 36 hours is necessary. The 
usual procedure is to administer treatment twice a year. 

Co 7 itfaindicati 07 ia for . General. Very young or very old, w'oak animals and those suffer- 

ing from febrile symptoms. The treatment of animals suffering from severe parasitic infestation should 
be discretionary, 

Contraindications in the case of the following drugs are stated against them. 

Carbon diaulpMde. Animals suffering from gastro-enteritis, gastric or intestinal colic. Advanced 
pregnancy. Fats and oils should be avoided. 

Carbon tetraohlonda. Ictems, hepatitis, cii'rhosis of the liver. Animals with low blood calcium 
content. 

N’bidylidene chloride. Chronic constipation. 

Oil of chenopodium. Constipation, gastro-enteritis, febrile conditions, pregnancy, highly bred animals 
of nervous temperament as well as phlegmatic animals of ordinary breeds. 

TetrachlorethyUne. Although this drug is less effective it may be used in case where carbon fcotra- 
chloride is contraindicated. 


Specific therapy. 

Tapetmms. Specific drugs are oil of turpentine, arocanut, kamala and oJoore^in of male fern. 
iBootSyStomachwormi and Ascarids. Carbon disulphide is the best drug. 

Stremgyhs md Oyiwoskmes. Oil of ohenopodinm is very effective. 

JPin worms. Drugs effeotive are oil of chenopodium and oil of tuii)entine. [ G. D, B.] 


Eecent advances in the knowledge of anthelmintics. Monnig, H. 0. J. S.-Afri. Vet. 

Med.. Assog. 4,206-209 ( 1933). 

"iSp oltli - way to study anthelmintics is to proceed in a systematic Way by building xxp a 

a stronger testing their properties. In this manner the drugs such as carbon 

, • • rethylene, N-butyl and N-butylidene chloride were discovered. Another way 

nfv n'VT'niy VTT*im ^ ^ ^ ** ^ 

o problem is by studying the metabolism of the parasites. For example tapeworms 

Quite frequesnt of calcium. A suitable calcium compound having an anthelmintic action may 

Were exposed readily absorbed by them and thus kill them. 

data have been “y in a. iiv«. diflemnt 

^ ^ oed. 1 ms drug 18 safe for sheep, goats and poultry, but IS highly toxic 


ABSTRACTS. 
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j A. sf* 


TetracMarcthyleve. This drug is much safer than carbon-tetracUIoricle, espccxnlly in cases of j'ouag 
..animals.' 

Ilt^xacldttnihyhne, This seems to bo the best drug kuoxvn at present for liver flukes in cattle. Ifc 
hon'ever taints the milk slightly. 

A — hvlylidcne, cliloriila. Removes ascavids and hookAVorms of tlio dog, strongyles of horses and 
ascarids of fowls. 


llrxyhri’-'^diTiiuil. This is a useful remedy for ascarids, hookworms and ixinworms of man and 
nodular AAW,ms in shoe]). 

Hexyl -huij.-’. re’ivl. This drug has all the good and none of the. bad (pialities of hexylresoreinol, 

[G.D.li.] 


The effect of neniatocls infestation on mineral metaboJism. Shearer, G. D. & 
Steward, J. 3rd Rep. of Dir. Iv.sl. Arnm. Path. Uvir. (fambrid[/e. 87-120 (1933). 

II has been exjjprimentiilly shown that heavy nematfde infection in lambs in the 4th stomach or 
the, intestine retards protein digestion in animals, but has no ell'cet on the other nutritive comi)onents 
such as eiher extracts and nitrogen extractives. 

The neiuattide infestation interferes wltli. the calcium and phosphorus mottibolisiu of tlie animals, 
but has no elf cot on the stKlium and potaa.simn metabolism. 

A suRstaiicc called “ Nezyme ” extracted from i}k 3 nematodes of sheep is sbmvu by experiments 
in vilra to inhibit the action of pepsin. The excretion of this substance renders the animals incapable of 
fully digesting the protein.s which eventually, brings about their emaciation and poor condition in 
general. [ G. .D. B.l 
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(With eleven charts.) 

Introduction. 

Tlte first step in any digestion experiment is to determine as accurately as 
possible wliat proportion of tlie diflerent ingredients constituting the ration is 
aotnaily capable of digestion. The usual method consists in feeding the animal a 
known weight of a certain feed, then estimating the amoiiiit voided in the faeces, 
the difference being assumed as equivalent to the amount digested. This procedure 
dates back since its inception by Ilemieberg and Stohmann (about I860) and still 
forms the basis of all digestion trials ; and while it has served fairly well for ail 
practical purposes, the estimation of individual digestihilities in a mixture of two or 
more feeds has naturally been a matter beset with complexities, since there is no 
method still known by which the digesti})i]!ty of each feed could lie directly and 
separately evaluated, ' ' , 

In the case of a single feed the estimation of the digestibility on this basis 
should not theoretically offer any great difficnltv. At any rate eminent investi- 


I 
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gators like Kellner and Arnisby Iiave described tbe estimation of clover bay and 
meadow bay respectively on this basis and their statements do not refer to any 
serions difficulty, although with a combined feed the latter has remarked that “ the 
determination of digestibility of a concentrate in this way is less accurate 
and the range of uncertainty thus introduced may be very wide ”. The present 
authors have found that apart from such difficulties (in combined feeds) the results 
obtained with a single feed like paddy straw also have varied widely ; and in the 
case of the juotein fraction the matter has been further complicated with a large 
number of negative values. 'With, the addition of a concentrate and working with 
assumed values of published standards for the latter, the results have also not been 
satisfactory ; and as will be explained later on, it seems doubtful if outside standards 
are suitable under the conditions of our experiments. 



These difficulties led to the trial by another method of experimentation based on I 

the graphical analysis of the data; and the resnlts so far appear to hold out 
a promise of a greater degree of accuracy. As a natural corollary to the graphical 
solution, multiple regression equations were later on used at the suggestion of ! 

Professor P. C. Mahalaiiobis and Mr. S. Bose of the Presidency College, Calcutta, | 

, ■ . ■■ 

and the present paper deals with the various aspects of these results. 

It is necessary at this stage to touch briefly on som.e of the salient points jf 

leading to the initiation of the methods. I 

j' 

With the start of the Animal Nutrition Section at Dacca by a, grant from the 
Imperial Council of Agricultural Eesearch, India, the first attention was necessarily 
directed towards the behaviour of paddy straw since it formed the staple fodder of 
the province. ; 

Experiments were coiiducted on bullocks which were more or less representative 
of the type of animals used tlir<uig]icnit the province. The reaso.n for this was that 
any results obtained wliich coidd be reasonably accepted as reliable could then be 
applied to the cattle population of the whole province. 

As pedigreed animals are rare in Bengal (even the Departmental herd might not 
yet be accepted as such) and also as such animals are somewhat inclined to delicacy 
in feeding it was considered that it was better to use the ordinary country animals 
than to have recourse to pedigreed herd of the Department. 

Experiments with paddy straw as the sole feed as well as in combination with 
other feeds were started. The object was amongst others to determine the diges- 
tibilities of the different feeds, both singly and in combination by the method in 
vogue, viz,, the estimation of the digestibility of the single feed, say, paddy straw 
at first, then repeating the experiment with the addition of a concentrate, say, 
linseed cake, the computation of the second being made by a corresponding deduc- 






Dry 

matter 


Crude 

Ijrotein 


Ether 

extract 


Crude 

fibre 


Animal 


Dacca 


64*57 

56*21 

59 ' 2 <} 

45*57 


— 7*22 

— 7*71 


Kailash 

Maliadev 


— 2 * 82 * 
— 3 * 05 * 


Xyallpur 

(Kaugra rice straw] 
Table VI of oi’iginaL 


IV 

XII 

VITI 


XIII 


62*24 

46*21 


65*32 
48*09 
49*26 
34*49 


36*00 
25*58 


59*90 

69*90 


61*30 

46*90 


41*79 

40*83 

45*56 


47*03 

35*69 

43*69 

28*92 


tion of tlie values of tlie first, or, as is often done By applying tlie publislied values 
of “ known standards for the concentrate and then calculating By elimination the 
digestibilities of the roughage. 

EoUGHAGE AS A SINCLB FEED. 

When a roughage lilce paddy straw is used as a single feed, the insufficient supply 
of the protein fraction in it in particular appears to he seriously reflected on the 
aniiiial system, in consequence of which not only is there an adverse nitrogen 
balance but sometimes even the faeces show more nitrogen than is supplied in the 
feed. The result is that the digestibility of protein often records a negative value. 
We conducted six digestion trials and their main features arc set forth in the follow~ 
ing table, and for comparison some figures of Warth [1923] and Lander and Bhar- 
mani [1931] are also incorporated. 

Table I. 

(Jo-^cient of (hyestihility oj paddy straw when given as a single feed. 


69*95 

62*78 


76*00 

72*10 


60*30 


DETERMINATION OF DIGESTIBILITY CO-EPFIGIENTS 


18 - 7-1932 

12 - 6-1932 

18 - 7-1932 
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In tin's experiment (with paddy straw as the sole feed) the feeding was carried 
out for four months and eighteen days (11th April to 28th August 1932) at Dacca and 
for four months (26th April to 25th August 1932) at Raugpur. At Dacca the 
digestion and metabolism experiments were conducted twice while at Eangpur only 
puce. The two tests on the same aiumals at Dacca has enabled a better comparison 
of the fluctuation of digestibility and it will be noted that in the case of D^, during 
an inteiTal of two months hetween one test and another, the digestibility (of dry 
matter — to take one component) showed a decline from 47'93 per cent, to 35'69 per 
cent. (Column 6, Table I) or 25'54 per cent, over the first digestion, whereas in the 
case of Dg during a course of five weeks" interval it has gone down from 43‘69 per 
cent, to 28‘92 per cent, or 33 ’81 per cent, over the first digestion. The protein figures 
have been negative in all except in one test and the digestion of all other com- 
ponents have gone down naturally reflecting in a gradually decreasing availability 
of total digestible nutrients and net energy (Table II, Columns 4 and 6). 
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In Table II the actual net energy obtained during the periods of tests and the 
required net energy (column 7) have both been shown. In calculating the 
latter, IVaiths’ figure [1926] of 6 therms per 1,000 lbs. live weight has been assumed. 
On this basis D- should ha,ve received about 2*9 to 3’1 therms pier day (Column 7), 
blit instead it had only l'(M- therms during the first test, which came down to 0*87 
therms during the 2nd test. In the case of Dg its net energy dwindled down to 
O'l therms (during the 2ud test) or less than oiie-seveiith of the actual requirement. 
AH these liad their ndlex in tlie total fall of live-weights (('olumn 10, Table II, also 
Graph, 1). In the case of K[ and li^ tlie dihierenoe is oidy in degree, otherwise the 
tendency of progressive decli,ne has been working in all. Tlie nitrogen balance too 
has been equally characteristic of the grave nature of the deficiency in supply ; and 
it will be noted that the longer tlie experiments <3ontinued, the greater was the 
rate of daily loss of live-weight (I’ablo III, Columns 7 and 8). The fall in live- 
weights is also shown in chart I. 
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leadiijg to tliis papor, a fairly olaborato scliciue was s€ 
tliat tliG iK-d'nial conclitioii of tlie animals 
the nitrogen balance and live weight fig- 
animals were divided into three 
3 Ibst linseed cake as cr ' ■ 
were so chosen that at the time 
under each group was more or less the 
provided between one test and another in oi 
residual effect of the previous feed. Sul 
the same source were stored in advance to e 
tlie entire period of tlie trial 

The following represents tlie design of the scheme 


which it was ensured 
This will be seen from 
gures, etc. (Appendices I and II). Six 
groups, each group receiving in turn 1 lb., 2 lbs. and 
ioncentrate with paddy straw ad as roughage. The animals 
of starting the experiment the total live weight 
Further sufficient interval was 
iminate as far as possible the 
Liantities of straw and calm from 
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As will be evident from tlie above, tbe design of tbe experiment provided (in 
three ojoles) 18 individual tests, six with 1 lb,, six with 2 lb. and .six with 3 lb. cake. 
It was felt however that the extension of the experiment for another complete cycle 
of 18 t'e.sis would have produced a more satisfactory material for computation but 
I m‘.ssure of work and limitation of staff did not permit it. 

The {(bjects of the scheme were mainly three-fold : — • 

1. The estimation of iligesiMnUiy bp the '’weiM of elmdnalion i.e.. by 

applying the assumed values of one of the feeds, to work out the 
(lige.stilhlity of the other. 

2. The idnr.l estimmtion of (ligestihiliMf Iry lhe gragylimtl m 

3. Tim dinri esiimaiimi of digestibility on the basis of mnltifle. regression, 

equations. 

Method of elimination. 

For this purpose, the assumed values were used from Henry and Morilsons’ 
Feeds and Feeding ” [1928], 

As already stated this procedure implies the: carrying out of the experiment by 
the addition of: a concentrate whose digestibilities are supposed to be “ known ", 
With the 18 iiidividnal trials, six with 1 lb., six with 2 lb. and six with 3 lb. cake, 
and working out by difference the digestibilities of the paddy straw, we obtained 18 
figures for each component which varied in the ease of dry matter from 38 to 49 per 
cent. ; for ether extract from 35 to 69 per cent. ; for crude protein from a positive 
figure of 11 per cent, to a negative value of 13 per cent. In order therefore to 
reduce the variations to a minimum, each set of 1 lb., 2 lb. and 3 lb. combinations 
was worked out into its respective mean. The figures are set forth in the following 

table. ■ ' " 

Table IV.- . . - 


Digestibilities of yaddg straw worhed out tM aid of Menrg and Morrison’s 
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01 , *’'<= of tlio proteia 

was leaai'fl T ll « "f «<«'o<'nt.rate 

anil nniiitiV fi’ ’’ I’™*™ *gestibility of paddy straw woiied out at a Jiiglier 

IT T T T tk, 

that a hialm- vd negative. This is suggestive of the fact, 

“eri Wm " ■ ?■• ^‘her extract the position was ro- 

n> ts-fi ' ““easing doses of cake the digestibility has definitely increased 
-., 48 per cent., 63-t'4 per cent, and 59-37 per cent, in the 1 lb.. 2 lb and 3 lb’ 

wrScT'T^^i- 

* ; That this was probably the most likely cause is borne out by the L™ 

f cake digestibilities obtained by the graphical method as well as by multiple 

■" -■ i" s 

Table V. 


DigeMibtltiy of linseed eulce. 




Henry 

and 

Morrison 


Grapliioal 

method 


Mulfcijde 

rogres,sion 

etjuation 


Dry matter . , ^ “ 

,, , 79 70.10 65.15 

Crude protein 

S» M-ra S4-11 

Jtthor extract . , 

8'^ 96-36 95'60 

Crude fibre . 

•'»'? 27-2!) 7.71^ 

Nitrogen free extract , 

7& 67-30 61-34 

Straw 'fSlem “““''“S *“ worked-out figmes of paddy 

». .i"d";s2rc.r ;,: ’i 

derablj lower. These have been correspond in <t]v ww:.si- 

and fall in almost all the figures of paddy straw under the 3 80^*00 Ih'^rur T 

o lb. combinations (Table TVi fb^ o-T.Aa+«r i- rxv . 

a ^ 4 . I T ’ 8i6<3'test diflereiice occiirriiiff in the castpci r.+i 

extract and crude protein, the latter giving also neaativo T...bT . q r 
with protein in particular «ipp-m +a t . i v ° \ diftereiices 

[ 1928 ] and Warth f IQoa i ' ^ ^ obtained by Warth and Hossip 

Wciith nh23 j as are shown in the following table. 

• Ik ^the only value whichLs uorteeu founl^aS^^ 
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Table VI. 

Nilfccien digeyad jnm paddy sinw {Eapemneni at Kanud ami Pusa) 
{Original Tables XIY and F). 



Karnal 

(Warth and Go.ssip) 

Pusa 

(Warth.) 


Ration 1 

Ration 2 

. BatiGn 3 

Kaiksh 

Mahdeva 

■■'■■■■ I ■ , 

2 

3 

■ 4 

5 

■Q : 

Nitrogen in ration .... 

46-88 

69-13 

72-33 



Nitrogen in faeces .... 

19-30 

21-50 

, 23-50 



Nitrogen digested ... . . • 

26-58 

37-63 

4S'S8 

[ 



Nitrogen digested from ooneentraie 

25-77 

SS'OS 

' SO'39 



Nitrogen digested froiu straw . . 

00 

—0-46 

— rsi 

i ■■ I 

1 



It -wili thus he seen that viien the eompiitation is made oil the basis of assumed 
digestibilities for concentrates, the amount falling to (he sliare of ilie loughage is 
evidently affected to a definite extent according as tlie values iissigiied for cuiicc]!- 
trate are more or less tlian the actual. In the progressive doses of concentrate as 
tried by ourselves on a more com.prehensive scale, this rise ami fall has behaved 
with a remarhahio consistency indicating definitely wliic.li ol the assigned values 
of the components of concentrate verc above or belorv the actual amount. 

It is however necessary to emphasise here the doubtful utility of the pres(‘nt 
unavoidable application of outside standards. In fa(;t the <lisLtdvantnges <if the 
use of such data have also been noticed by the c.oiitiiiental workcis as well. 

"Wood [3 914] of Canibriolge riiivejsity has shown tliat tliey were too high 
for an ox fed on a heavy fattening ration and Eckics [ 1 ] cf Missouri Station has 
found such values too lorv whe]!. applied to the dairy cow. Our W’ork also point 
to the unsuitahility of their general application, hut the paucity of local data lO’t 
us little alternative : and in c()nse(|uence t})e digestihilitics of many of our feeds 
have of necessity to be worked out with these assumed figures obtained under 
conditions necessarily different from ours. But the variability in the values all 
the more emphasises the inexact nat ure of working by “ tlio metliod of climiiia- 
tion’k Any attempt therefore to evolve a more sultahle method wt)uld solve a 
long-felt difficulty even if it be only a partial improvement over the prevailing one. 

* Warth’s results contain a number of suck negative values but only tv'o are quoted hei e. 











mount in rou^bnge aiicl concenti-ato (total). 
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The direct estimation of DIOESTIBII.rJIES of DOIH fclKAW ..^KD CAKE BY HIE 

GRAPHICAL METHOD. 

As tiJicad}' fdAted. tlie inisatisiRctory results obtained by tlio existinisT methods 
iiave led to its trial. 

I . was apyaifciitly giYcn sonic trial 

ly ^art i [1029] on the aspect of pioiein digestion of coreeniiatcH. It has 
iinwem- been carried, ont in (In, present case on a lather mmo ccinpuhensivo. scale 
mcinding al!^ flic mdividnal c<anpo.i.teids inanprising the rougliagn, and concoii- 
■la e. ^.. !i ,e.i. act iMiplmn of the me(.];od as Ik.tc used is given in the folIoMnna-. 



?' 3 \ 




yy 






'.luouut ill concentrate. 
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Let 'X axis represent, the amounts of coiieentrate consumed and the ordinates 
the total amounts consumed and digested on tlu^ same scale. The upper line stands 
for total consumption and the lower line for total digestion (from both roughage 
and concentrate). The lines are produced to meet the;?/ axis and the points at which 
they meet arc carefully read. These have been shown in columns 2 and 3 of 
Table VD. Obviously they represent the amounts consumed and digested from the 
roughage (paddy straw*) when no concentrate is supposed to be given. Their ratio 
is shown in column (4) representing the digestibilities of the components of 
roiighage. Similarly the slope of the lower curve (column 5) stands for the 
digestibility of the concentrate. 

Each of the individual components, ws:., dry matter, crude jirotein, ether 
extract; etc., has thiis beem^ s plotted out under 1 lb., 2 lb., and 3 lb. i 

combinations. These have been shown in separate graphs (Charts 2— 7). In these ^ 

tlie mean under each group W'ith its circle of error is also rejnesented to indicate 
the range of viiriation."^' ^ 

* For accurate drawing ilio straight lino of host lit can bo obtained by least square.^ giving tiio 
ordinates as well as the slopes. f 
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Tile values obtaiaed from tb.e graph drawn for eaoli of the food oomponents aie 
Bet fortli in the following Table:— 


Table . VII * 


Com]>onents 

Ordinate at 
®=o 

(consumed) G 
; . ' gons. 

Ordinate at 
is—o 

(digested) D 

Digestibility 

of 

roughage 

1 ) 

0 

Slope of the 
curve 

(Digestibility 

of 

conecntiatc) 

1 

S' 

3 


5 

Dry matter . . 

3,802 

1,761 

”4507 

‘701 

(drganic matter . , . 

3,320 

1,687 

'5073 

■7216 

Crude protein 

147 

13 

*0873 

♦8476 

Ether extract . . . • 

4o 

■ 19 

“4316 

*9036 

Crude filn'e . . . . 

1,302 

803 

'6105 

•2729 

Nitrogen free extract . 

1,830 

845 

•4617 

■6730 


The orjgiu!i.l are reprotUieeJ in Appendix II. 

ft v/ill be biiinih/liat the Ktraiglit lins in the graph has given a very close lit 
to the o].>s!'.]:ved vahies encepi- ill the case of crude fibre y. This evidently points 
out that, tlie i-otenictiou the course of digestion is probably lU'giigible and the 

digeslibilii^y i,; moj'e or Iiv.,s constant for the three sets of combinations. This 
Vvouid yiigge;yt;. a ib.ir i.)ruf;-r of roliabilitj for the estimates of digest 1.1 )ility co-efficients* 


Tl-ii: ii!UEf'-T Ij.STAM.VTIOY OF JMGESTIBILITIES (OF STBAW AND CAKE) BY THE AID 
OF .ViUT/riPLE REGBESSION EQUATIONS. 


'We iiave no direct ivay of ascertaining whether there is any or no interaction 
takijig place during the coiirse of digestion of cake and straw. The same state- 


X Iti ijluM'asfMc; libi-c i.’ui; ran K; of variation of the ob-served values and the deviations from the 
itraihh Hiv’ will Im s.iju to ha of the same oi’dsr and heaots tha fit cannot be considered .satisfaetorv. 
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merit Imlds good for tlie progressive doses of cake as Hsed in our experiment. The 
grapliioal metkod kowever suggests tkat ivithin tke range of 1 Ik., 2 Ib. and 3 lb. 
eombinations, tke interaction at any rate TYould seem inappreciable. It may 
tkerefore be neglected for tke purpose of tkis , experiment, and as a first approxi- 
mation be assumed tkat the bekaviour, : of cake and straw witli respect to tkeir 
individual digestibilities is independent of eack otkei and also constant, Tke 
sukseqiient analysis of tke results, as will, be skown later, supports tkis assump- 
tion witkin tke limits of sampling errors in tke case of ike majority of tke indivi- 
dual components of botk tke feeds. 

A brief description is given in tke following. 

In tke case of tke above experiment witk l lb., 2 lb, and 3 lb, cake as con- 
centrate and x>addy straw adUh as roughage there is a mixed ration of two iiu- 
kuowns — m., cake and paddy straw. 

If now a a:i»d 6 represent tke digestible fractions of tlie component (kero, crn^io 
protein) from straw and cake respectively, tke liiieiir relation is obtained a, s n>I~ 
iowB* : — 

. . . . . , . , . (1) 


2 ^'=Amount digested from straw and cake. 

.i;j==Amouut consumed from straw. 

Amount consumed from cake. 

If tke equation gives a good fit, it should reasonably follow that tke hypothesis 
holds good and that tke values of a and & thus obtained represent tke nearest 
approach to tke fractions digested from the respective share of and Xg. 

From tke equations thus obtained, the expected values {y) of the amount digested 
from the observed values of and % ^ndbe calculated. As an illiistratioii ike 
observed and expected values of one of tke impoTtant constituents, viz., protein, 
nitrogen has been skown in liable Till. For tkis tke (lO-efficients of digestibility as 
worked out are - 

Digestible crude protein in paddy straw. — 9 dW per cent. 

Digestible crude protein, in linseed cake. — 84'13 per cent. 

Tke metkod of calculation is described in detail in Appendix IT. 


* Since when a?! >= 0 and afj-othe amount digested is necessarily Zero, therefore no constant has 
teen added. From the obserired values also the value of c is found to he negligible in all cases. 
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Table VIII, 


Amount d igested 


Name 


BiSerence between 
calculated 
and observed 


bullocks. 


Observed y 


37'50 
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Applying tlie same procedure,' aH tlie other compoiicuts, viz., dry matter, 
organic inatter, crude protein, etlier extract, crude iihrc and nitrogen free extract 
liave each been separately worhed .put,^ of o and ?> for each of them, 

are set forth in Table IS and the iteGessary statistioid t('sts of slgniiioanc-e have 
been shown in Appendix 

Table IX.*'" 


Best mines of a (md b . 


I ■ . 

1 

Digestibilities of i 

1 paddy straAV 

1 (ay 

Bigestibiiititis of 
linseed cake 
(b) 

By regression 
equation 

2 

Ui’aphlual 

method 

.By I'fsgres.sion 
equatioi! 

4 

Orapliicai 

metliud 

Dry matter ... . 

0*4550 

0*4505 , 

0*6515 1 

0*7010 

Organic matter 

0*6.10324 1 

0*5073 1 

0*i.V7l)(5n2 

0*7216 

Crude protein .... 

0*0f)S9S5 

0*0873 

0*841132 1 

0*8475 

Ether extract .... 

0*4379 

0-4316 

0*9730 

0*9636 

Crude fihro . 

0*618935 

O'OICS 

j 

0*07 7 u92 1 

0*2729 

Kitrogon free o.xtract . 

0*403624 

0*4617 1 
j 

0*613-149 

0-6730 


* See also Appendix V. 

** Vide remarks, page 305 foot note and also in cli.scussion. 


Disoussion. 

It has been stated earlier that as a first requisite for relialdo digestibility .Bgiires 
the animals must he provided ^yitll more or less normal conditions ami tlie [heel must, 
be at least a balanced ration. In the tests iiilt.tated by tiliu authors those pn-ovisions 
were followed as far as possible. The critical cxaminatioji that; r(‘siiltod with, .respiaji. 
to the three methods, shows that in computing the figni-os Ijv what lias Innai 
termed the method of elimination ” the resulting values, wo.L'ked out on the basis of 
assumed standards, are definitely afiected according as the assumed values are higher 
or lower than the actual. The need for local data to replace these outside .standards 
has become insistent. These difficulties chiefly account for the subsequent attempt, 
and the preliminary investigation appears to indicate that the working of data on the 
■ basis of linear relations enables a direct calculation and warrants a greater degree of 
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accuracy. The graphical iiiethuJ was thus brouglit in and as the next st ep, t-he 
jniiltiple regression ecpiations followed as a natural, corollary to it, 

111 order to got an idea of the nature of agreement obtained by this procedure 
the case of crude protein already given as a.ii illustration' of the w’-orkiiig out of these 
methods .might be taken up (Table rk (.tiiiimns 2 a.Jid 2), It; will be seen that the 
actually observed values of digestion {y) and the calculated or expected values 
w<>rked out froin tile value of h and h (obtained by the ajypdication of 
regression equations) liavo recurdcMi an unexpi^ctodly roinarkable coincidence of 
agreement. The co-relation (Ap|:)e.udix V, Column 8) has been above 99 per 
cent, and the observed ratio of variance has been much above the minimum 
requirement of Fisher's 1 per cent, point of distribution. The observed and 
expected value.s ha ve also been plotted out (Chart 9) and it will be noted that 
the variation has been .negligible. For the results worked out by the graphical 
method the reader is referred to Chart 4 (for protein) and Table IX. It will be seen 
that by the graphical method the errors on mean (also c/. Apipendix III) have been 
very small and the agreement between it and that of regression equations lias been 
reasonably close. 




P/tm smAsi Am umsao m£ 


mwm £XF£mo and ossmm values or total D/sssrm 


DACCA AANM 
JS3J 


OAT MATTAA 


Af/ms£/( AA£i jsrmcf 


OSS£AV£D 


GAOap 





HOUP 


Zti. GPOVP 
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If tie results of the other eoBipouents, viz.^ dry miitter, organic mal'tcr. ether 
extract, aad nitrogen free extract (Appendix V) are examined it will l>e found tliat 
the co-relations are quite high with the observed ratios of variance quite above the 
mi-ni-mnnt requirements of FisheVs 1 per cent, points of distribution. In these 
cases also the ohserved and expected (in., tmlcuiated) values of digestion has been 
separately plotted out (Charts 8, 10 and 11) to present a visible picture of the 
nature of variation. The results by p’aphical method have been shown in Table IX 
and Graphs 2, 3, 6 and 7 and also in Appendix III. 

In the graphs the circles of error show the extent of deviation from the mean. 

These errors are on the actual Yalnes of consumption and digestion (Appendix 111, . j 

Columns 4 and 6). Still they are quite small and would have appeared still less had I 

they been shown in percentages. It should be stated here that although the ! 

graphical method cannot ho as accurate as that hy the applicatuui of regression 
equations, yet the agreement between both particularly in the (lase of I'oughage 
(paddy straw) has hoen remarhaljly e.lose (Table If (V)lum,us 2 and 3 and also 
Appendix Vll) M'ith respect to all the components including even crude tihre. 

With linseed cake also the agreement has been as good for protein and eituu' 
extract, but there has been some variation with dry matter, organic matter and | 

nitrogen free extract. Yet taking into account the. likely extent of variation 1 

inherent with the free hand drawdng of the graphical method, the agreement can j 

he said to be fairly satisfactory for all the individual components ndth the solitary : 

exception of crude fibre in linseed cake which has been dealt with separately. 

With regard to graphical analysis (Charts 2 — 7) it might be stated that despite ; 

its limitations it should form an indispensible adjunct to the regressum equation 
method, as it serves to throw higldy intersting side lights on many aspects. As an 
instance it may he noted that the mean corisunqition under all the three sets of 
combination has formed, an almost perfect straight line in the case of all i.-he 
components. The line showing the digestion has also passed either tiirongh, or vesy 
close to the mean. Such an occurrence would strongly suggest that the relathui is 
linear and the subsequent ai)plication of multi])lc regression equations is justifin.hJe, 1 

The small magnitude of errors obtained by the grapJiical nu'diod as well as tlic 
high co-relation values and observed ratios of variances obtained by regression 
equations, strongly suggest that the animals heliaved normally and the extent 
of selective action within the limit of 1 to 3 lb. combinations of cake was not pro- 
bably much or appreciable. This method will further enable us to ascertain whether ? 

there is any variation in the digestibility of roughage with the addition of different i 

concentrates. 




I 
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( 'rud e /hre. This component demands special attention. Its digestibility 
(••o-c.>l.li<iioTi.t for paddy straw has been quite in agreement by both the graidiioal 
method and regression equation method. But in the case of linseed cake the 
griiphical method has given 27‘3 per cent, as the digestibility, whereas by the 
regression equation method the value has been 7'71 per cent. 

In the graphical method however it is noted that the errors on mean (Chart 6) 
lias been generally high particularly for the 2 lb. combination both for digestiem. and 
coiisiimption. The straight line (Chart 6) representing digestion has passed almost 
horhontal with the x axis, indicating that with the increasing doses of cake the 
proportion of digestion increased very little. These factors have involved a high 
error reflecting in a wider variation by the two methods. 

It may be stated that the results of crude fibre camiot be considered satisfactory. 
On tlio basis of regression equations it was the only component in which the 
co-relation was so low as 65’51 per cent, and the observed ratio of variance was 
below 1 per cent, points of distribution although within 5 per cent. distributioB 
(Appendix Y), As will be noted below (Table X bottom row), the mean fibre 
digestion (also indicated by Chart 6) has not been significantly different under 
different groups, i.e., from ration to ration. Hence its validity has been of a lower 
order. 

Table X. 

Crude fibre in total feed. 


Crude fibre (IMeau) 


The moan total amount ingested has been in increasing order with increasing 
doses {fi cake in the case of all the components mcluding crude fibre (Appendix V) 
but while all the otheis luive shewn more or less an increasing amount of total 


■ 

1 lb. group 
gm. 

2 lb. groiq» 
gra. 

3 Ib. group 
gm. 

1 

2 

3 

4 

f J'addy straAV . . 

1311-237 

1321-097 

1330-002 

1 Linseed calio . . 

C«jti8'in.'ied , . . . 

.... 1 „ 

36-967 

73-992 

110-869 

i 

b Total 

134S-201 

1395-599 

1440-871 

Voided in ficees . . . . . . . 

630-365 

682-499 

602-865 

Digesk'd . 

817-839 

1 813-100 

838-606 
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digestioii, tlie digestion of tEis compMeiit has been practically stationary ami 
possibly oven lower. At any rate the %ure8 uiid^ 2 lb. combination would 
rather indicate, a tendency of deereasihg digestio.u ; and if they are compared with 
the figures of 1 ib. cumbinatioir it Will be seeiipable Xl^ 


Table XL 



Grade fibre consumed 


Voided in 
fieces 

gm. 

u 


Digesiod 

gm. 

6 


813'i 


7:vo 

K7-0 

36-9 


that on the basis of difforonco between 2 lb. and i lb. (lomldnations the increase in. 
Gonsiimption of fibre was 47’J, gms.j whereas the corresponding amount \T)ided in 
the feces w'as 52’ 1 gm,, he., more than wliat was ingested. Thus there was a 
negative digestion of~4'7 gms. This dilfe.r-ence is no doubt small, nor is it intended 
to be treated in the statistical sense ; yet there appears to be; some jiistification in 
referring to it, as this aspect taken with other factors has a bearing on a highly 
interesting side issue. 

The behaviour of crude fibre seems to suggest that during the ;process of diges- 
tion some special phenonumon hitervoines which reacts in siudi a wn,y oti the f<.>od 
material as to effect an apparent increase intlu; fibre Itaet ion of feces or undigested 
residue, thereby showing an apparent decrease in the rligcsfion. That siu;1j. a 
probability is not nnlMy seems to be bo:ta].eoiit by t]iee.xeaiedinglyiii.i:(M-es!ii)!,g 

work of Woodman and Stewart of Cambridge [U)32]. 

The fibre digestion of ruminants takes place by bacte,rial agoiKm iir the stomach, 
and these two authors have found by incubating linseed and ot-luv oil cakes wiCi 
bacterial cultures tliat the ether soluble fraction of the oil cakes appears to ])r(.Klucc 
some organic substance which is able ‘feo resist solution by f.Jie reagents 
employed for the estimation of fibre "k In cousccpionce of this tlio amount of 
what is estimated as fibre is naturally increased in the undigested residue 
sometimes even more than what originally was present in the cake. In the 


i3l>5'6 

1:M8*2 

47*4 


582-5 
530-4 
62- i 


2 lb. otunbination (.a) 
1 lb. combination (5) 
Difference ia—b) . 
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experiment by tlie aliove authoj's ilii.s increase has been suck as to yield a negative 
value. 'rr.'.. --’101'1 ifior cent, (in one case). These values Inu'-e keen t ernied by the 
above authors as fermentation (io-efkcient corresponding to the. digestible co- 
eiiicieiit ol feeds. Our results also strongly suggest the ])robability of similar 
occurrcmce ; and the ratlu'r divergent, values of the digestibility co-oilicients of crude, 
fibre in linseed cake given by Eiiro])ea,n aanl American authors rnigld; possildy ho due 
to this hitherto nniioticu'd (taiise. lleiiry and Morrision [ lb2H] Jiav('. given the 
American value to be 57 per cent, and the same value of Kellner [1926] is 32 per 
cent. Kot only is there a wide difference between these two values but 
according to Kellner the value oscillates between 0 per cent, to 02 per cent. Such a 
difference is suggestive of some phenomenon outside the normal course possibly of 
the nature indicated by \¥oodman and Stewarts’ experiments. Armsby’s statement 
[1930] also indicates that in a mixed ration of roughage and concentrate the value 
of crude fibre (and also ether extract) is muck affected wkeii the proportion is wide. 
But this statement following after a reference to meadow hay and ma;ize meal does not 
seem to refer to oil cake and as suck may not be quite applicable in the c.ircumstiinct'u 
of this case ; but the difficulties arising in his case are the main reason to cite*, it. for 
he states that “ In extreme cases, absurd results are sometimes obtained such, as 
negative dige.stil)i]i.ty or a digestibility greater than 100 per cent.” In this experi- 
ment, the results shown in Table XI are also indicative of the tend f'ncy towards 
negative digestion a.nd the very low value (7'71 per cent.) obtained by th.e regression 
equation (being based on the results of 18 tests) might possibly be explained by the 
■probability that the individual digestions ranged between both negative ami positive 
figures in a somewlud; similar way as might possibly be the uiiderlyiiig (.‘.iiusi; for tlie 
values of 0 'per cent, to 92 per cent, found by Kellner. 

The cliief cansa.tive factor for it is probably associated with tin', lindings of 
'Woodman and Stewart already noted. It might be stated here parentln'i.ically f.hat 
changes of a like nature we.re also appreliended by Armsby [1910], fur jje states 
" have to take acc-ount of the ■possibility of. conversion of members of oik'. grouji 
of mitrients into those of another. For example, it seems not iin'probaJdc tliat a 
portion of the crude', fibre of feeding stuffh may be so modified in the. eligestivf*. 
tract, witliout Ixiing actually dissolved, that in ’the feces, it is d(ii.crmii)e.d as 
nitrogen free extract, thus diminishing the ajiparent digestibility of the latter group 
or increasing that of the crude fibre.” 

Buch a phenomenon, whether like that suspected by Armslry or this, weiihlstaaid 
in the way of accurate detej-niiiuition l:*y any method not to speak of the one forn.iing 
the basis of this ■pa'[)ej‘. 9'he mat, ter is however nnrler investigation. Lea.\'ij).g 
therefo.re tliis solitary exce^ption of crude fibre, the results worked out by the new 
method have in ail other cases conlormedA^^^^Hhe ■mquk'cpn'nt of sta.tistio;d test. 
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Conclusion. 


lu tlig(;sti(>n ox'j)orimcnts tlie first eoiiditiun, wliothor wil-h oin>. or moiv HhmIs. 
must be tliat. the ration should on no account lall below a balanced supply. Givtoi 
this condition, the next step is to calculate tlio digestibility from ihe amount' 
consumed and the portion voided. 

Til a single feed the calculation is simiile unless the food is delioient like paddy 
straw, when Gomxdications arise on account of irregular digestion 

In a mixture of more than one feed the computation base<l on what has been, 
termed as “ method of elimination ” might affect the resulting values according as 
the assumed standards differ from the actual ; and hence the use of siicli (outside) 
standards (based on conditions different from ours) might often be ina])piicab]e as 
occurred in this case ; but even when they are a])plicable they require to be verified, 
and above all local data under local condition an', alwa.ys preferalh'. 

These considerations led the authors to try out other methods ; ani.i the experi- 
mental design and graphical method of analysis wtTc tlie outcome of same. As a 
counterpart of the graphical method, multiple regression im] nations were suhsei[iieiitly 
tried and adopted. The chief advantage of both these methods are that they enalde 
direct calculation to ho done w’ithont having recourse to the, doniifcfui alternative of 
using assumed values for a ‘jjart of the feed. 

To provide suitable data for calculation by these mcth,ods tlic experiment should 
be so designed as to ensure a reasonable number of tests in which all tlie auiniiils 
selected should at one time or other, be under all the different; doses intended fm- tlu', 
investigation. The scheme undertaken hy the authors woth six animals was on a- 
restricted randomised basis with 1 lb., 2 lb. and 3 lb. linseed cake ; and wais so 
designed as to enable eighteen individual tests in all. in which a.ll the six aniniiils 
in pairs or groups of two, were at one time or other under all the three oomiiina- 
tions. This enabled uniform distribution of feed as w-ell as all the animals, ovin the. 
entire span of the experiment and also lielped in t.lie elimination of tlu'. largest 
possible avoidable errors. The design can be improved further, say, with mure 
animals giving more groups. 

The initial figures thus obtained from the experiiuoufcs can tlu'ti ixi usc'd fur iIh*, 
direct calculation of digestibilities either by the graphical method or by muh.ij)](‘ 
regression equations, or both. 

The results obtained by the authors liavo been quite oncoui'agiug, having 
conform.ed to the requirement of statistical tests in the case of all tilie components if 
we exclude the notable exception of crude fibre, since in this case extraneous causes 
appear to have intervened. 
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If tliis motliod stands up to sn]),sequent trial, as it is oonlidently expected tliat 
it will, tlien tiro computation by its aid will remove a long felt dilfioulty, 

Tlie advantages of the m(3thod might be summed up as followvS : — 

digestibilities in a mixture of more than 

' , one feed. 

2. Dispensing with the present unavoidable alternative’, of using a.ssurned 

values. 

3. Study of same roughage under different concentrates and different 

roughages under same concentrates thereby enabling the determination 
of variability, if aiiy, under these varying factors. 


SUMMAEY. 


L A resume has been given showing the difficulties associated with the 
prevailing methods of Galculatmg digestibilities in a single feed or in a mixture of 
more than one feed. The uncertain nature of the results when the feed is deficient 
in any one constituent has been emphasised, 

2. The design of the experiment, as undertaken by the authors on a restricted 
randomised basis, has been shown with 1 lb., 2 lb. and 3 lb. com binations of linseed 
cake aild paddy straw. The design can be further improved upon by a larger 
number of animals and tests. 

3. The results with assumed digestibilities on the basis of outside standards 
have been worked out and disoussed, showing their unsuitability of application in 
nrany cases as was also experienced by Woods and Ecldes. 

•1. Tiie need of verification of mitside st.a.ndards and preference of local standards 
for hxial feeds have both, beuii enipliasised. 

5, Tlie graphical method and process of working liavc been descrilied and the 
grfiplis for ea.(di component liave. been shown in sepa.ra.te cha,rfs with t-he (drcles of 
error, and the digestibilities eom])uted. 

I). The multiple regression equations method following as a corollary to the 
graphical metliod lias been d(\scril,)ed and the process of calculation shown 
(Ajipendix IV). 
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7. Botli grapliitial tViid (‘qiiaticwi metliod enable' liin'ci 

calculalion of digestibilities in a mixture of more tlian one feed and both liavt^ sliovv}! 
a laaiseniaUce order of agreement. 

8. Tliculigestiliilit.y of ciaide fibre with respeet to linseed cake has been found 
tft be the oiily instance which ha^ shown tliscrepaiiey, but the cause of it appears to 
bo associated with some laioteriai action as indicated tlie findings of Woodman 
{•md Btinrart [li)82]. 

9. The (diief advantages of botli tlie methoils are : — 

{(i) tliey enable direct oalcidation in a mixture of more than one feed. 

{h) different longhage and concentrates can be separately worked out to 
st.iuiy their behaviour on t'a.cli otln'r under various (iinnbinat/ioiis and 
])ro[)()rtions. 
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APPENDIX i 


I,, 2 Ih. mid 3 lb, iwsml cake.. A'llnnfeii bahuiec and 
Um-weigJiis {loss or gadn). 


Ib. I'lHiiliiiiriiion 


2 lb. I'ombinatiuii 


1 11). combnuiliou, 


LiiSfi v.)!' i;ait\ 
in livt*' 


TjUiW tir gain 
ill livn- 
wei'jlit 


))).■) or train 
ill li\ 1- 
Mi-irriii 


Nitrogen 

lialanee 

gmis. 


Niii’ugcii 

hiilancf 

gnus. 


+10'3()» 


-i-8-32n 


H-4'421 

+8*261 

+4*C11> 


4-0-360 


APPENDIX ri: 


DigeslihU nvirimU ele.. received hy each mmmL {Faddy sir, or a-ad J Ih. 

mid S Ih. linseed cake). 


groui>. 


Animal 


Total j Toinl I 

digest!- Ntitrilive Net dig(',>.(N jXiilrifi 
ble ratio euerg,v bie | ntliu 
nutrienls ]: k^riieriiiab niilrieiib- 1: 


(i-OiK) 


4*929 


4*420 


1-270 


3-481) 



L lb. group. 

Total 



(ligesli- 

Nul ritive 

Net 

i)Ie 

ratio 

1 energy 

luitrientp 
lbs. ; 

1: 

|(Thenn'B). 

4--i8U 

16-004 

2*971, 

o-OOf) 

17-541 

2*980 

4-866 

15-410 

3*059 

4*386 

14-018 

3*004 

4*047 , 

13-64i) 

2*742 

4-016 

IG‘179 

2*818 





















Group 


Consumed 

from 

linseed 

cake 


Total consumed from 
jtaddy straw and 
linseed cake 


Mean 


Error on 
mean 


Dry matter 


Organic matter 


Crude protein 


Ether extract 


Crude fibre , 


Nitrogen-free ex-«| 
tract. I 


grms. 

0-0 

400-0 

800-0 

1200-0 

0-0 

367-3 

734-3 

1101*5 

0-0 

128-3 

256-.5 

384-7 

0-0 

35*43 

70*82 

106*25 


grms. 

{ 2862 - 0 }*= 

4294*0 

4730-0 

6163-0 


grms. 

99-29 

99*46 

40*44 


gi-nis. 

( 1751 - 0 )* 

2044*0 

2286-0 

2605*0 


grms. 

78-94 

49 - 

24-96 


( 3326 )* 

3719-6 

4117-3 

4509-3 


80*99 

79*17 

32*48 


46*15 

26*63 


0 lb. 

1 » 


4*13 

7*76 

6*83 


( 13 - 0 )*- 

123*48 

226*62 

340*96 


4 *: 

5*40 

8*74 


0 lb. 

1 » 
2 


0*83 

0*89 

1*19 


( 19 * 5 )« 

53-71 

87-46 

121-90 

( 803 - 0 )* 

817 - 84 - 

813-10 

838-01 


0-0 

37*0 

74-0 

iiro 


( 1302 * 0 )* 

1348-2 

1395*0 

1440*9 


34*66 

59*28 

11*61 


0*0 

166*6 

333*3 

499*7 


( 1830 - 0 )* 

2013*05 

2202*02 

2380-36 


43*43 

40*44 

19*05 


( 845 - 0 )* 

968-21 

1046*93 

1192-44 


* Tlie figures in brackets have been dlx-eetly read from the graphs. 


( 1687 - 0 )=* 

1963*2 

2195*6 

2493*3 


( 147 * 0 )=* 

276*86 

406*13 

535*74 


DETEEMINATION OF DIGESTIBILITY CO-EFFICIENTS 

APPENDIX III, 

Data used for graphical methods {see graphs). 


1-37 


Total digested 


1 


36-04 

87-30 

64 * 


Error on 





























334 TIIK INDIAN JOtJUNAL OD VETEETKAKY SCTNNGE AND ANIMAL RtTSBANDEY [ IV, IV 


APPENDIX IV 


Detailed Cfdmdaliom bi/ the. aid of Mulliple Uegression /^fj«Y 7 .fiow.s. 

The experiment was oouducfeed with two iiiiknirwiis, yfe,, paddy straw and 
liiiseed cake in three eombinatious, 1 Ib., 2 lb. and 3 lb., doses of cake. 


There is no direct ^?ay by which w^e can establish whether there is any or no in- 
teraction taking place during the course of digestion with, tliese two feeds. The same 
statement holds good for the progressive doses of cake as used in our experiment. 
The residts worked out by the graphical method suggested that -within the range of 
l ib., 2 lb., and 3 lb. combinations the inter-action at any rate is inappreciable. 
We may therefore neglect it for the purpose of our experiment, and as a first ap- 
proximation, assume that the behavionr of cake and straw with respectto their 
individual digestibilities is independent of each other and also constant. The 
subsequent analysis of the results, as will be evident from the details in the texi, 
also shows that this assumption is justifiable within the limits of sampling error in 
the case of the majority of the individual components of both tlie feeds. 


Considering first the digestibilities of, say, crude protein (nitrogen) if a'j aiul a*, 
are tbo amounts consumed from straw and cake respectively, and if a and h ru 
present the digestible fractions of aq and respectively, we obtain the linear rela- 
tion 


y = api + xf) * . . . (1) 

where y ~ the observed amount of total digestion from straw and cake, 


If the equation gives a good fit, it should, reasonably follow that the hy-jaithesis 
holds good ;■ and that the values of 7/. and h thus obtained represent the lU'arest 
approach to the fractions actually digested from the respe.ctive shares of and a;,,. 


In order that equation (1) can be made solvable by ordinary algebric proce.ss 
Gauss's method is employed whereby the following expiations arc obtaincfl ; 

s Xj 7/ = a s -I- 6 e Xj . . . . (2) 

. s Xg 7/ = a £ Xj Xg -f- & e Xg^ . ■ , , ^ p 3 ) 

" Smo& whea =■ e and 5^2 — Othe amount digested is necessarily zero, there.fureuo constant 
has hpen added. From the observed values also, the value of c is found to bo negligible in all cases. 


11 (nitrogen) the snmmations of eighteen individnal values of 


























Digested amount 
calculated 


( Differ enee) 


Differeueo 


amount 

{()l)ser\*od) 


amount 

(calculated) 


Bullocks 


Gakft 

X •841 1323) 


' Straw 

Xja {Xi 

X '0039864) 


O'Otwt'i 


0-4000 


18*91 


20*13 


0-OUl 


0'(t3(ll 


37*90 


37*73 


0-S4tU 


o-03(;i 


0'U720 


GGS'll 


Total 


663*41 


2-4r) 

53'U3 

66*48 

65*76 

-0*27 

2'38 

63*03 

55*41 

63*09 

--|~2'32 

2*35 

49*42 

! 51*77 i 

62*44 

-~*0'07 

2-31 

49*42 

51*73 ' 

63*78 

—2*06 

2-39 

62*88 

66*27 

66*90 

—1*03 

2-47 

52'88 

55*35 

o6-33 

0*0 



















DilTEltillNATlON OF DIUEBTIIUUTY 00-EFF.lCIENTE 


£ 7/“ 

(s # (663-41 )~ 

: n :' IS ^ 


Total variauoo 


28133-51 

:24450-72 

3682-76 


Jfroiii (lata tko statistical analysis o| variance is obtained, as follows: 

AMtlysis of mmance. 


■ — ■ 

degrees 

of 

freedom 

■ ! 

Sum 

of 

squares 

Mean 
sum o f 
squares 

Observed 

ratio 

of 

variantie 

Expected 

ratio r>f 
variimcpi 
(FislK-r’s) 

1 

Multiple regression . . . . 

2 

3,651*90 

1,825-95 

880*39 

0*35 i 

I^esiduai . , . ... , . 

15 . 

30-89 

2*06 

... .. , 


Total 

, 

■ 

^ '"17 

3.082*79 


.. 

8 Ffxiiwf8w>jiuwtff-g.(swi(Me^ 


From tlic analysis of variance the co-relation is also worked oidi ; 

■ • ‘ ■ ■ ' * ■ ‘ 3,682-79 

a = . , . - - , . . 0-905S9 

It will be sfje.].! that in the case of crude protein (nitrogen) as workcsJ out, the 
o]j.serv(‘.d ratio of varia;noc has provided an adequate fit and the co-]‘('la,tion has 
boe.ti. exceptionally high (99-689 per cent). We can therefore take with siinichint 
ladiability the values of n and 5 as the nearest approximation of aciiuii 
digestibility. 

The values of a and b for the other components, viz,, ihy matter, organic 
matter, etc., have all been worked out in the same way (table IX) and their 
analysis of variance are shown in Appendix Y. 




■i 


^r,«t 
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APPENDIX V. 

rni'iahce {Fiijures ohfawed hif mulii'plc rqiuiliitu). 


Rogi'ossiou 


Rosiduixl 


iiourossi’ '11 


Ui’j^au ic luatti'f 


llosidtuil 


Rt'grcsfiinn 


Crude protein 


Rosidusd 


Ethor extract 


‘gre.-5Sinu 


Nitrogen free 
extract. 


* Crude fibre has been dealt with separately. Set text, 
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APPENDIX VI, 


Ether 

(‘xtnift 


'rroatment 

'■ 

Dry 

matter 

Organic 

iiUdf.er 

Crud(! 

proteiu 

1 ■ 

' 2 . 

' 3' 

4 

■ ■ 5 , ■ 

'■ r 

Paddy straw . 

3'8!)4-283 

3.352*312 

148 -577 

1 

Linseed cake 

4(I01.)00 

367*279 

128*279 

1 lb. 

tlombi- . 
uatioa -{ 

Total 

4,294-283 

3,719*591 

276-830 

(Meau I 
o f 0) 1 

1 

Voidcsd in 

faeces. 

2,250- 875 

1,756*333 

i 53*375 


Digested 

2,043-608 

1,963*238 

123-481 

1 

% digested . 

47-197 

52*611 

44-.34S 

r 

Paddy straw . 

3,930-800 

3,38-2 -999 

149-677 


Linseed cake 

799-067 

: 734 232 

256-4 1'9: 

SIL 1 
(Jombi- ! 
nation -j 

' Total V ; . 


;4,ii7-?r>p 

4061 i6 

(Afoan j 
ofO) 1 

! 

Voided in 

faeces. 

2,450-188 

1,921-693 

179-311 


Digested ' . 

2,280-279 

2,195-612 

*226*615 

} 

% digested 

48*299 

53-334 

55-78' 

f 

Paddy straw* . 

3,963-517 

3,407-787 

iol'OiO 

1 

■ . ■!■ 

Linseed cake 

l,lt)9-CG7 

1,101-531 

314-72S 

: ;nb. 1 

Combi- 1 
nation 
(Mean I 

of 6) j 

Total 

^htid ‘d in 

f.aece.s. 

5,I()3’iSf 

2, .5, 57-693 

4,r.09-;{is 

2,01(5-o;ii 

635-74 1 

194'78i> 


Dige-sted 

2,600-4:!;! 

2 4 93-,-.; 1 7 

340-959 

1 

% digested . 

50*470 

55-299 

63-601 




340 THE INDIAN JOUBNAL OF VETEBINAUY ^{jlENOE AND ANIMAL liUSJBANDRY [ IV, IV. 

AITENDIX Yll. 

Digcstihiliit/ ctxjfioie.til of fadilij ,strriw i>hl<iiitvd hjj ihj]hriif, molhoils and 

dijJn'Ciit 


N'uml'cr 

of 

trials 


DiiVi'roiit. nii-t luMs Ih-\ 
aitil iintluuH jiiati or 


Oryraiiii' I Cniiu' Mtiior i rnuki 
ju'itlor prutoiu oxtraot iil'ro 


Fongal 


Pusa old . 

Pusa uew . 
Bangalore . 
Punjab (Kangra) 
American . 
Enropoan . 


Grapliieal jiscthod 

Eogression equation 
method . . 

(1 lb. 

By nioihnd of ^ ‘ 

olimi 11 a I i o n i 
with Honry-^ “ i,„ ' 
& Norrtsou's ‘ 
values. 1 ,. 

yoakd. 

Paddy straw as solo 
feed . 

i E. J. Warth 


Laiidor and Dlmrmani . 
Henry and Morrison . 
Kellner 


I iVf’TdJ ff'73o i iJJ'lGi j 


I rd-fcji I <1 Fits p,;-7i(i! j (U-Rti, 


40'il2:3 u-hOr) tS'cDH 


■iTGiDd — .1‘27:T r.;i-2-i:; 




tT'Sll --i;v:!22 •lI-'iCG j 

57'lfiO ... (W-20(l 72-000 

68-840 ... tl‘BiO 72-iiOO 

fi0-i!l0 U-ITO ‘llp.llO TO-LJiJ 

48-SliO --lie ICO 46 070 GO-720 

22-000 23-000 fiO'UOO 

47-000 45-000 4T-f)0u 57-000 


APP.ENDIX Vin. 

Dujestihiliiy co-ejficienis of linseed eal'e hj diffcmil mdlwds and flifferenl a.Hlhors, 

u Number Oiffercnt moiliods !)ry Organic i.'rude .Mtlif'r Crude 

of and authors luaiter matter protein o.vtract tibro ‘A'li ire 


3|S;Sj!SfiSS;|S7 


Bengal 


Amerioan . 
European . 


18 Graphical method . 70-100 72-IC2 84-754 Kd'.OaG 27-2it0 C7'2ti8 

18 Eegresaion equation 

method . . . fi5-150 CT'OCO 84-113 tly-ftlO 7*7(i‘> 6! -345 


3 Henry and Morrison . 70-000 

4 Kellner . . . -~ 


“ 80-OuO 80-000 l>7-000 78-flOO 

70-000 S6-OOi,) 92-000 32-000 78-000 


THE ETIOLOGY OE ENZOOTIC BOVINE HAEMATURIA, PAKT I, 


Captain S. Cl A. DATTA, B.Sa, M.Ii.aY,S., 

rirn-hdvn Itemwi'h (officer y ln-(i!imge Patlmlogg, Im ferial Imlituie of Veterinarg Remireh, 

M'uMesar. 

(Keceivert for publitiation on i6th October 1934.) 

(WMi Plates XIX^XXTX and I text-fig.) 

Inteoditotion. 

Among tlie aiiimal diseasc^s \Yliicli have baffled ehifJdati.on iM>twitlistandmg tlie 
very considerable amount of scientific investigation that has been expended upon 
them in most countries of the worhh chronic haematiiria of cattle would appear to 
be one of the most outstanding. Since the articles by Anderson and Hnbiier were 
piiblislied in 1842. more and more attention has been devoted to the subject, 
Ahliough various iv'jTs of jjailiological processes affecting the nrino-genital system 
<-an lead in the ’j^a.ssagt; of unhrokon red blood corpuscles in the urine, for that is 
whai i he teim bat inaturia signifies, this disease entity has come to be recognised as 
a 'ja•l■(•i^e ajid clear cut cliuical syiidreane. Haematiiria has been a serious scourge in 
catih- [aims in many c(.aii)tries and llie first exhibition of blood in the urine leaves 
no ollu'r aberiuilivo for ilu' owuca- than the disposal of the affected animals for 
slaiigliier as. from long rxp'crieuee. the futility of treatment lias ]>een recognised. 
The disease isivuov.nlo occur in widely se]»arated iioiunrios of the world including 
Australia. Austria. .Dulgaria. 'Belgium. JliMtish (Johinihia, England (Cornwali), 
hraiuie. Chnmauy. India. li-eJand. ]tal\'. Kenya Colniiy, New Zealand, Oregon, the 
Pacific Islaiids. 'Washington. Scihland aial IVales. The names under which, the 
disease has ltee.n l:now.n in tlie various countries are. as follows : — Red water, 
stallrot (stabile rtd). Illawater Red water, Essential llaematuria, E aemorrhagiG 
cgf!!il'ii<. 'Hema.tniie dironique des liovides. llamialurut- reHicalu, malignant 
haematiiria and I'^rocystis haemorrhagica, etc. In. India the term haematiiria. 
seems to have hecn ejnplo\-ed for the first time hy Kristnasamiengar as late as 1896, 
hut from the s}'m]itoms described by him it is evident that he was dealing with 
haemoglobinuria only. CTcdit is therefore due to Kerr for drawing attention in 1925 
to the occu.rre.iico of true haemal uria in Indian cattle at Kalimpong in Bengal and 
the disease lias since then been .invi'stigated, also work has been carried out in the 
Kimaiin .Bills in the United Ibovinces, in the Nilgiris in the Madras Presidency and 
' ■ ■ ' ■{' 341. ■) ■■ 
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111 regard to the bacterial theory, the available evidence of most workers 
recorded in literature conforms to tlie experience of the author, wliich shows that 
attempts at bacteriological culture from the urine and internal organs invariably 
prove abortive in early cases. No bacteria have been seen in stained sections from 
internal organs in most cases, but diphtheroids and long chained .streptococci have 
been seen and also recovered from, the urine from clinical eases of old standing, 
Hadwen and others have failed to transmit the disease to healthy animals by ooha- 
bitation with clinical cases, by injecting haematnria urine into the Idadder, by giving 
it by the mouth and by the injection of the blood and urine under tlie skin, and it 
may be noted that the former employed as many as 17 animals for the purpose. 
.Durin. and Unglas [1931] however consider the disease to he a ooli-bacillosis, and 
they treated two cases with repeated doses of B. goU anti- virus l)ut the results are 
not known. 

Of the lielmintlis, tlie finding by Ichikawa in 1922 of adult ScMstomma 
niGum in the bladder tunionrs of two cases in Formosa indicated a, possibility^ 
which liad the support of the existing knowledge of tlie bilharKial disease of tlie 
intestines and the bladder in man, and also of the experience of Sonsino [1876] who 
collected thirty Schistosome worms (S', crassa or S. bovis) from the blood of an ox, 
wliich presented intestinal lesions, and typical lesions of liaematuria in. the bladder. 
However Ichikawa failed to detect any bilharzial worms or ova i.n five other 
cases examined by him, and the experience in every other country has been 
similar. In this connection it may be noted that in Egypt Pint Bey [1918] 
recorded a case of billiarziosis as the cause of a perforating ulcer of the bladder of a 
calf, and in India Itangaswamy [1922] reported a case of haemalairiai in tlie Nilgiris, 
in the urine of which animal Scliistosome ova are stated to have been seen. In. the 
samples of urine from two otlier cases of the disease from the same locality, Para- 
meswara Ayyar [ 1922] however records negative findings. 

The position of the oxalic acid theory of Hadwen [1914, 1917] differs from the 
others mentioned above, since he claimed to have produced the disease experi- 
mentally with commercial oxalic acid by (1) injection of calomm oxalate crystals 
in aqueous emulsion into the bladder, and (2) by the oral administration of oxalic 
acid, in about 8 months and 2| years respectively. The fact that he failed to 
obtain oxalic acid bearing plants in a sufficient amount to feed his animals had 
raised doubts regarding his contention, and in the absence of any clue for approach- 
ing the iiivestigation of the disease, Datta [1931] pointed out the improbability of 
Hadweils view and elaborated a metabolic theory suggesting an endogenous prodiio- 
tion of oxalic acid due to defective elhnination. It seems reasonable to argue that 
the cattle sufiering from the disease do nqt feed upon such unnatural forage in 

'e2' ■ 


iii 
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ex(,u^s.s ns nn’ koiowii to oontaiir miwh oxalic aoid, rhucjirh. iujuato 

aj>|)l(\s. Intliico. grapes, cabbage, and the coiaiiioi! hidinn sot-,'-'! {(h-alis 

i‘ii I'i'/imlifhi), In (‘Xpt'riiiienial oxc,]i<*, ae/id '[u.!jsoiin;g. 1 he Inc:! inn uf s hi* iKiison 
in tin* various organs has ))eeii stndifsl by tServonai and Ibnojiri- Mb! j j. .snd rhii-rl 
ami Fiathlicl! ( iiM 1 \ liave shown that a nerve excilaitiiif y Fiir! }!(*}■ the work 

of f'ri'.ig and Ktdn.n* [ hi2i j. Bull !l‘,t2bj and tStiYc. {iP'Usi iinally dr, -|io-;cs ^d ilu* 
o,valic {Uiid tln-ory .as uiiicnahie. contrary to ibii shMciium! of s he I r’;/. 
rnir)!] to ill!' (piposite elfecr/. 

With ! he fall of tlii.s ilioury. however, the Trend *!f I'piiiisn. hi mo*-! unrie,-: 
lias 'heeti towards a elien3i<.*a] deiicieiiey theory. itiirin;.: .a foi:r in Aii',1 ralL-i. 

Theilor i’lhdbj ex])res,sei[ ’himself thus. \Miar j,« roiinireii i- .a btiiufratoi'v in 
Momit Gainbier itself and prtderably on one of the alfeiVed l'nr,nw. Tlie veiniohable 
eoinciflenctMif ihospliorons and manganese deticiejwy bi ihi-^ .oi-;! iditedd not be 
lost sight of, A clue, to ftirther resettrch niay Aien [|.- loiuid ", Th^mniawi. 
I’lejuvri I ihhO 1 states • Xh-(>viosis investigations show t h:u it- iiuswn'- e., t-mat m ia ) is 
not an infect iiois or contagion.s diseasimuid ]>oi]it to tIm* oi i n:!! ritiunal 

distiirbance and to .mineral deheiency, hyptn'achiity. ftp lo an imki-onii la^'tor in the 
soil and vt'getution as the cause, of it. Again from i !i(‘ eoum rv .Fimnic.g. 
Fowler and Clark ilboOj report that the results of blood aindw-is to it>e will. in the 
normal range. In their exxierience two rertiedies have bioti found o. hu-ve .a 
beneficml effect on atfected cattle: a change of drinkinn i'rs.ni ^.urfae.* ut 

artesian wtdl water, iind administration of ground < i>ra! na'k. Fr'.m .-l aiys.-- !>f ilu' 
water and coral roek fro.m affected areas certain 'fasssibliMMUH'^ ...f ii.opooa-me-m, 
have been .suggested and field experiments outliiied ns 1*vt tiio p!j»ibility. in 
collaboration with Allardyce fl930] these workers aga in report ihni i hr blood “-.ri- 
mation of 25 cattle, subject.^ of liaemaiuna. vhhh^d imimi.-il aruiuiniv su' 

cholesterol, sugar, nonprotein, nitrogen, urea nitrogen, amiuii-m-i!} nitrowMi, ci'entine. 
creatmine, calcium, inorganic phosphorus, and td)lo.i-idrs. In die huesi pidvlicclimi 
from Australia. Bull, l)ickenson and Danii [ 19521 •. line thm ” ilir p.'^.lilcm .k, nip. 
an easy one to solve, and it is pos.sibie that a siicccssfid me' hud of ponen! i(!n may 
be found hefore the actual cause of the d.iscase k {lemonsfrntini ", Su t i.r;!’ ojunitm 
•'At is possible that a deticiency of some dietary con~.t ilium t i-; ih*- wsenkud 
eaiise of red water.” and from the result of their uriiu' au-dysrs \ lew gu un to say 
that ‘‘ there appear.s to he some possibility of a low jiroiciii imaJee. and ‘possibly a 
low sulphate intake. From the Calcutta Bclwxd of Tropical iUedicine. Gho.sh 
record.s the results of chemical analysis upon the ieuTvs of 'frlams su.spc.-ded of 
causing haematiiria, c.c/,, Schima waUicML Ficus uiitioc<(lis and Indian clicrcy and 
since saponins were detected in the first two lie states that feetling expe.j'iments 
with the, leave.s containing saponins are contemplated at the. .Schord. Again while 


l-ri'f(M.n(iV OF .K.\Z()in IF ISOViNK flAKMAl'CRlA 



tJii^ Jii'i inli; Wii'i 111 lull a riaiiii lia> la-cii jiut foiward {i-oiti 1 lu> saFU* t‘i(-v in 

tfia aniiinuis ui a, '(aiiy la-v/spajaa' 1 liat ' "Vlac.mi'yni' afid Ills af^sisiaiiii^ j IlKV! j have. 
alf!(' i!> IraM* the canaa s',f the 'ilstMa-a u> a pmtu/oan ]iii.rasi1(‘ uf iJia ;ita)uy{V) 
wliii-ji. (Iitlifia i'iiy. attaaka lji<‘ koVia! I at aiif-a atiaatlia- ami 

f!\>aii1i;i“\' , ri‘vi\ ina.' i him iha nn-iiijqMH'lc!! '.■jews ui' .A!’n<s!*l f.\]a‘»>„s('(i in ISUli in 
kk'iitJany. 

DKarnsi'i ><(,\ oK rni., uisFA:-.!-,. 

Thai f■•lns tlisca-.^a is an <‘nk,nolit' om* lias kann nimaiA'afi siimi* ika aarliast hiincv-i. 
ank su]ii!‘ jiiaca,-. iaiM- tu ku l.taiun a'- iiaciuai iiria, iumlit ins. All i‘in|)1s Jiavn 

kenn iiiaiin by a 'procnas uf aliiuiiia! iuii i./i! laelnis. in Lram' any rnlaiinn of ijie 
niivirnnmmil tn tin* ilisnasn. and Ha;d\^M;nl. for oim. has ira vniha! oAlnnsivoiy in 
Anicrica ajid Ktirnim \ritli tills ubjccf. It has been, at ad tlmt Itacniaturia lueali- 
ties are slo]»iny. Jiiiiimtainons hand with a. lack of (.adtiYaiiion and graicl iiiitiiral. 
forage, associated .with a ;piM;tpoiuler;,i.i:i,ce of In. tliese areas t-lie ca-ttle ha ve- 

to roam ill woods oiy|;)a,rt^ially ,(il.eaia«:!. gr(uin.ds, and the iD.ipermea.l)le soils on which 
the i’ora-ge grow generally, lack proper smis.h,iue and are moist. ,As Law [1901] 
states, “ it is tlie disease of woods and waste lauds, of damp au,d iiiidrained lands, 
of dense clays, of lands underlaid by clay or hard pan, of lands rich in . vegetable 
Iramus, or vegetable moulds, the decomposition of wiiiohTias been hastened -b}^ the 
application' of quick lime”, but, “ tlie disease has not been traced; to any delinite 
microbe or toxin ik The drinking water in .some of these io,Ga,Iities is rich in 
mica or, gravel, and tlie climate is generally, cold. In' Genua, ny t.lie disease has , been 
described as occurring in stali-coniined cattle, in Ifrance as OGeTirrin,g in, low-lying 
districts; and again in others it, is i?i th.c mountainous, and sulr-mountainous regions 
that the disease is seen. The discjise has !)ec]i stai.e.d to occur after n.. dry siiunuer, 
diiriug the winter, or in the sjaiug. Afoussu and Dullnr jlkOoj iowe'n-r state tliat 
liucmaf.uria omairs just its frefiuejtt iy i?i ihe winier \\l.mii tiis’ anitiia-ls are housed, a.s 
iii llm spriiig win‘u ;it, ji.isl are. ,'Atonssu siak.s-: ihal. tlsis edu-ctiou is very rare 
in voiiug e.uiiUfds and is c.^ecui ioua 1 iie;'or(' the age of i veo juid a half or ilirei' years, 
jlotl!. the sexes are citfa;cked eijuaily. 

.It is a liotev orrhe fuel ilmt. iv'‘ oi tjo' i-.ountiy of oriuin eoimcuTicd or of 

the iiie-riiniiiaTed cau.sfA 1 Ilc (iinie.ai syjiinionm and lust (cpathoiogy of bovine liaejiia,- 
I iii'sa ha\'e ket'ti luoie or the f'-!!.in('. In tiiis disease the oeciirre’iU'e, of any svs- 
feiuie dini url);(m',(' of liealtlt is ra.rt' ;isi<l iu our e.x'periem-.e no rise of teiuiieratui e 
has keen notioe*! prior to or loHowine upon aiuurack of haematuria. The passing 
of blood being the (uily easily m.ni<e.‘.i i)le syjn]0oui, uj liie living snhjoci. i.lie disease 
lavs luHOi iaaaned " ('ssiail.lai liaemaiuria- “ and the apparently contmdie.t-or)' tcrtn, 
“ svmpfconrlcss Inuuuahuria iu. humaai inodicune, signilie.s a, si.iniiar type of coixlitioii. 
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Tlie affected cases are seldom detected in their earliest stages. The Gondition does 
not attract notice until the blood corpuscles have attained a fairly appreciable 
proportion of the ejected urine, and have stained the urine distinctly red. The 
disease is not suspected in the earliest stages since the admixture with the uibie of 
a quantity of blood serum, and microscopic amounts of blood cells, exuding from the 
commencing lesions in the bladder is easily overlooked. However, suspicions having 
been aroused, the disease is readily diagnosed by the microscopic examiii a. tiou of 
centrifuged urinary deposits or by the available Ghemical tests for blood. Frequent 
micturition, with blood passed at the end of or throughout the act, is seen, and 
mM symptoms of urinary colic inay appear. When the loss of blood has reached a 
certain limit, the haemorrhagic urine tends to coagulate on the ground or even 
inside the bladder of the affected animal. The colour of the urine may be pale pink 
or bright red, depending upon the quantity of blood passed. The red corpuscles 
are usually completely intact, and there is nothing unusual about their size and 
shape. If there has been any retention of urine due to atony or due to an obstruc- 
tion by clot formation at the urethral opening of the bladder, a crenation or actual 
breaking down of red cells takes place, rendering the urine coffee-coloured. As the 
disease advances^ large-sized flakes of clots are also passed. Anaemic changes in the 
blood appear comparatively early, which persist and gradually become worse, and 
animal becomes extremely clebilitatefl with the progress of time. When necessary, 
the condition of the bladder may be ascertained by a rectal exploration. 



Haematuria is characterised by a slow and progressive course with frequent 
intermissions of variable duration extending from a few weeks to months. The 
passage of blood may cease suddenly or by degrees, only to reax)pear in th,e same 
erratic manner. This process is repeated till tlie animal finally succumbs to extreme 
anaemia and debility, or to other complications such as severe internal haeniorrli- 
age into the bladder, hydronephrosis, uraemic poisoning or superadded. iiil’ectiotis of 
the urinogenital system and the alimentary tract. The occnri'ciuie of fliarrhoea 
in the later stages of haematmia has been mentiitnu'd 'hy a few workers, luit no 
causal relationship between haematuria and tlic dcvelo])ment of actual diarrhoea or 
the passing of semi-solid faeces mixed witli mucus has boon siuqiccted. Although 
the brunt of the lethal effects of the causative principle of haematuria a,rt;. b<n*nc by 
the urinary bladder, it is important to determine whether other iuterual orga,iis 
share in the uiitoward oflxTits, though not quite to the same extent as th.e bladder. 
In the uncomplicated early cases, there is apparently no evidence of kidney involve- 
ment, including oedema, rise of blood pressure, or the syndrome of renal colic, etc. 
Generally the disease lasts for moiitlis and years, and in the experience of Moussu 
[1905] an animal aged 28 years had been suffering for as many as 20 years, but no 
case of spontaneous recovery or successful treatment has yet been placed on record. 
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1 ^ 1 ‘oni tliis it appears that the j)athological process in the bladder runs almost 
parallel to the recuperative meGhanisiu of the animars system. The disease has not 
been reported in young calves, and the cattle are stated to exhibit the symptoms 
after grazing for a iiiiinber of years on one farm. History cards of all aniiuais 
since their purchase from the surrounding hills are maintained regularly at this 
Institute. From a scrutiny of these, the time that elapses between purchase and 
the apparent commencement of haematuria symptoms appears to be short, and it 
appears possible therefore, that the majority of hill bidis at this Institute bring 
with them a pre-existing infection rather than contract the disease here, though 
there does not appear to be any reason why such an immunity of this place should 
exist. In the author s experience in 1928-29, cases had been removed from tire 
hills to Calcutta, but a change of locality did not produce any substantial alleviation 
of the disease. It has been observed at Muktesar that a number of cases invariably 
exhibit exacerbations of haematuria with snow-faUs, and a gradual and continued 
decrease of the bodily temperature indicates a real danger signal. 


Macroscopic lesions. 

On fost-moflem examination naked eye lesions of signilicanoe are not usually 
discernible in any organ excepting the bladder, but occasionally the kidney or the 
ur(f,ei*s mcy be abnormaJ,. The bladthn may be empty or filled with hacmorriiagic 
urine, whieh is partially or (iompiofejy clotted, It ■ has been suggested that it is 
ouly ill (lie Ijasal and ventral part of the bladder that the initial lesions are formed, 
but when fhc gravitational pre.cipitu tion of the causal factor can be eliminated, such 
a suggestion lias no significance. On eversion of the organ, variable lesions are 
(‘Jicound'red. The eiirly lesions a.ppea,r as small xmtehes of congestion, and red dots 
of lia(-n)oiThage u}> to tiie siza* of a, lentil, associated with a slight thickening of the 
niiieous membraiKis are seen. Tiie altisrcd mucous membrane is raised above the 
surroiuiding arc'as as small round y<;ll(>w areas enclosed by a ring of acute congestion. 
.LocaJised gedatinous infiltration of tiie siibmucosa is seen, which is followed by the 
sloughing of the o\'erlyi.ng mucous membrane, giving rise to small idcers. which form 
the seats of contimuuis blood-letting until a clot forms. The uhaa-s are discrete, 
and, wlteu confluent, beeonu'. broader or more elongated and jiresent raised edgiss, 
assuming a, button or crutin-like apjaairanoo. Since the o]rpo.rtuiiities of examining 
geiuiiiK' ('arly cast's are not readiiy obtainabhy, the ajiparetit' first appearantie <)f 
bat'inal’uria, lining possibly a.n int-.ei'miiteut attack only, the naked <iye lesions are 
si'ldom St) simple as tJie above. I)n tbe contrary, one may 11 mi *• varietisities aw iargt^ 
as henrg seeds, prolifcratitnis as large as mits;’\ rounded or caiilillower-like, rough 
raisf'd red ridges, erodc<i bJt'i'i ling jiai.ches, and submucous Juu'morrliages, sessile, or 
Xicdie-uiatetl jiyriform mucoid cysts, a.ii.d considerable thickening of Ih.o bladdei’ wall 
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(Plate XIX, Fig. 1). Cicatrices are not iwy evident. Clnly localised areas of the 
bladder may be involved or the lesions may be dilfused throughout. In cases of old 
standing, oousiderable ulceration has been detected at pofii mortem, although blood 
was not being passed immediately prior to death. The co-existence of such a 
variety and gradation of lesions, from minor changes to exhuberant growths, shows 
that the lesions develop separately and continously, and not simultaneously, explain- 
ing the remarkably persistent and intermittent character of haematiiria. 

In these studies mucoid cysts have been met with on the surface of the kidney, 
and minute haemorrhages liave been seen in this and other organs. Hynironephrosis 
or cystic kidneys seen in haeinatnria cases seem to be connected with tlie bladder 
lesions. The intestines, particularly the caecum and tlie proximal end of tlie rectum 
of haematuria subjects have sliowm very minute sub- epithelial liaemorrhages m 
millet seed and pin-head sized round ulcers with, raised edges and dee]) necrotic core, 
but their significance is not known at present. Plate XIX, Fig. 2 shows iiolypoid 
growths in the duodenum from a case of haematuria. 


Clinioal and chemical studies. 

Although ill the course of routine fost'moftem examinations at .Miiktesar a few 
cases of the typical bladder lesions of haematuria were undoubtedly deteid cfl earlier, 
it was only after the first report by Kerr [1921)] that the disease recei\'ed attention. 
The disease has figured in several Animal Reports of this Instil ute since that date. 
In the earlier investigations, arrangements were made to collect full clinittal details 
regarding haematuria, including weekly body weights, daily temperatures, etc. A 
method was improvised to approximate the proportion of the admixture of lilood 
cells and clots to a fixed amount of urine passed. Blood smears wore examined 
regularly, samples of urine from each fresh case and poM-m>)rk‘m material wm-e, 
subjected to culture examination. Experimental treatment with trypan blue, and 
the benzidine test for the presence of haemolysed blood in .sam])les of the urimu 
from which the centrifuged deposits Inul been removish were carried out ; and tiius 
the possibility of bovine piroplasmosis \vas first eliminated. By (tcmtrifugalising 
the urine and faeces from uncomplicated haematuria cases, and by misms of the 
sugar floatation technique, repeated examinations were madi' and the ])ossibility of 
coccidia was consistently negatived. Repeated attenifits to culr.iire any iiudozean 
organism from urinary sediments hy the use of 5 })er cent, iiotassinm dichromat e 
solution and of hay infusions have given negative results. As ()])ortunities 
occurred, careful post-moflem examinations were made in order to discover if tlic 
lesions in any other organs excejiting those of the urinogenital system, could be 
correlated with the passage of blood in the urine. At that time the Tii’obabiliiy 
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sis on an average sample of liaematiiria urine, from an untreated case is given 
below. Tlie figures are per 100 c.c. of senim. 

Amount of POi (phospliate) = 0*0148 gin, 

5 , „ Calcium == 0*024 gm. 

„ Albumin = 0*060 gm. 

Urea was not estimated. In order to ascertain wlietlier there was any 
bypeiaeidity of serum in affected cases, the FH values of some liealthy and eight 
liaematnria subjects were determined mlorimetrimUy, with the result that the former 
gave 7*6 and the latter 7*5. There was therefore no marked discrepancy, but 
whether a large proportion of neutral salts of acids were present was not deter- 
mined. 

With regard to the urine itself, its specific gravity, reaction and composition 
were also studied. In our experience, the specific gravity of hacmaturia urine 
varied from 1020 to 1035 in different individuals, and from the observations made 
on several animals, the rise and fall in the specific gravity did not appear to hear 
any relation to the percentage of blood present in the urine at different intervals. 
The reaction of the urine in each case was found to be alicaline to litmus, phenol- 
red. and brom-thymol blue. Samples of urine from three cases w’cre examined 
for the presence of oxalates, sugar, etc., witli negative results. As was to he 
expected, albumen was present . 



Genesis op THE yiEFiNiTE clue. 

The etiological researches U})on hacmatiiria f.oo]r a definitedy hopeful t\irn on 
the 7t]i of March, 1932, when the author discovered some very interesting * bodies ’ 
in the course of histological studies upon specimens of })res(.*rved bladder and 
kidney tissues, collected from local hacmaturia cases (Plate XXIY, Fig. 2). When, 
some peculiar spherical bodies were detected in the urine of all the six clinical 
oases of the disease then at Muktesar, tlie s(!curiiig of * data of cousiderubh': 
value and promise' was mentioned in the. Annual kivnort (»!• tins Instil.iUc. 
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from the provitKios tlie same obscure structures were detected, and tlie possibility 
of a ScliislosouK' origin was suggested. In tlie Annual Report for 1932-1933 (p. 15) 
tlie failure to obtain confirmation of tbe above suggestion lias been mentioned, but 
tlie obsorva.tion of ' a definite Lost reaction ^ against the ‘ bodies ^ left no doubt 
that tiny ivere, parasitic and foreign (Plate XXIX, 3?ig. 1), In size they were larger 
than the usual body cells, and they definitely liad a greater depth of focus. Since 
a]i occasional ' body ' appeared to have engulfed rare red corpuscles, or to possess 
a vacuole tlie}’’ were described in tbe above Rexiort as " peculiar macropbage-like 
cells,'’ end the jiossibility that these were Entamoeha was jiursued by means of the 
cultural technique of Boeck and Drbohlav [I925j. The first results have already 
been mentioned in the Annual Report of 1932-33. Before giving a preliminary 
description of the (;ausative j)arasite, which appears to be responsible for this 
disease, it is (issential that the minute histology of the condition be first described 
in the light of fresh knowledge, since the current views are faulty in some respects. 


Pathological histology. 

The Urinm'if Bladder. One would not expect to detect a case of 
bovine haematuria at its very commencement with a view to studying 
the pathological process in its earliest stage. Young and old lesions are, however, 
present in most cases and these may be utilized for histopathologioal 
studies. The disease is primarily an aft'ection of the submucous layer, inflam- 
atory exudation into which leads to necrosis and consequent ulceration 
of the mucous membrane. The bladder is intensely congested, and the blood vessels 
su}>plying the mucous and submucous layers are greatly dilated (Plate XX, Fig. 2). 
'l.''he capillary vessels are often ruptured, and extravasation of blood around them is 
to be sewi. In some cases however the whole of tlie bladder wall is extensively in- 
filtrated with blood and its pigments. The vascular endothelium is damaged to a 
certain extent, and the exudation of serum to the perivascular regions leads to a 
XHishijig a'part of the surrounding connective tissue. Sometim.es oedema is very 
pronounced, and is easily discernible immediately below the muscularis mucosa and 
in the strands of tissue, which intervene between muscle fibres. 

The dive.rsity of the p^athoiogical X)rocesses and 1;he extent of their severity seen 
in each esse, (hvpcnd upon the degree of the parasitic infestation, rate of division of 
the parasit(i,s, ami u'poii whether the lethal effects are rej)eated over a length of time. 
The susceptibility of the affected bovine or its bodily resistance must a.lso be a 
factor of importance in the pmthogenesis. 

As a, result of (.lie inflammatory exudatio.Ti:, the exiithelial iini.ng of the bladder 
is swollen a.nd elevated, the inflammatory xirodiicts separating the mucosa 
from (.ho thickened, submucous layer. The extra vasated blood- and exuda« 
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l.ioti itn‘ parti}’ ah^orlM’ii or M4uo\c(i, W'inMi ! ’ic asuMijii: of This is tnoiu 
l.}i.;ui onu 1 h‘ (; oti\'(‘frK'!it ly «r!:'jiosi‘ ! oi'. I'yaoi-'rai i'.i ih t’i!- cjii 

(lieiiuiii if'ihls tn T ji,*> i'o)-ujalio]i oi uk-as h-y slohylnh-i, iilootl !■. lit.-:! o::sil\' io.a 
iroju tlh' \vi<lrl.y-o|ieit ^ll^^-('^itih‘!i;;^ vo-si'k. .uiii iii'i.i lUo nili-.A irsclf, ]l’r!l'‘ 

parasilir. iniiiiauls iia\t.' o.-.-n v>.‘J)io\ *.>. I uiih iia- iiatsn.ih i'lia'ii-. .nai o jVosii 

5al(;ii ()[ •|i:ir;tsits's ai'o )ioi pvi'si-in iri iiu' iipaa o vis-Iiiit^. o;u-u)i<aiioi! ol' tj)(> 
brokiMi, ajatln’iiuni f'.uiauicacr-. i 'ioi.-. a-'o lii',-! ^ 
ua[)i]ia)T t])i.'oiUi')o^i, ipa}’ iai-a oLua'. 
ria, disa^'poars lor tha nni" boi-iL;'. The sf^P «>; 
weak el uv^ I spot,, aad i'liriker ]a^V!■es^ ui' rlo' rfi-p 

l)y tlie intervention i>f a frt'sli bat eh of ilie paia 
or tlii’Oinbi were to persist luid t.Jie lesion were tsi be coiiipiei eiv re'sob.'oii. Iresii lesions 
.appear elsewhere svitli the ireappearance of liaejiiatiiria:, diseai-.e i Inis obtains a 
foothoid, and tends to beoonie ahroniadand tire diverse t^yiu's of Icsiinis. known to 
characterise the disease; manifest themselves. Tin; iinitiu onirhelinm (•f tlie bladrier 
may still appear to be in tact in the major part, but depressed ulcers ot sriiall size with, 
raised edges, or o\'en cuakjsced pateJies of nloeratiifii arer te be sixm. (iSenerally these 
areas of ulceration are siiperlicinl and do not «?xtend mucli lielow the subnincosal layer.: 
hill, deep nlceratioTi may al times be encoiintered as well Triiniodiiitely under tiiie. 
o'pitlielium and extending only a relatively sin)!. t tlistiince into tihe deeper tissues an* 
blood cavities and channels of various sizes and shapes (Plate XXI^ Fig. 1). The. 
connective tissue strt)ma. which su]jports tl.iese extremely viisoular or haeniorrlioiclal 
areu.s, {ip]>ears to liave unilergoiie some Iiyperplasthp from the 

several sca.ttered points where the dennded areas of Tnneous membrajie are in tiie 
])rocoss of cicatrisation, one notices a proliferation and thickening of the epitlielial 
lining. Oliviously tlic sejies of changes tlirongh wlvicli the alh.-ntefl .mucosa iiasscs 
must dejiend upTui. the severity id' the traumatic injury or irritatdiui, aud also iriion. the. 
clironicity ().[ ihe (aisc. 1 u sucli areas t)f ih.e Tuucosa. where rh<' tnunnatic induences 
liavii not direc.tly uperiited, or wiu're they liave iioi,; iieeii uuus.aliv r-evei’c, the. iulaer- 
e])itlieliuni has to adapt itself to the mild irriiidions to which it is btang (auit.iuiiaJiy 
subjected from time, to time. The Idailder tissiu's altenpn 1 u adju.'.t iiiemselv(‘S lo 
tile changed circumsi.H nces by t h.e protiiuuion of bra.mdiinu e.uulitlowei'-iiln' tasse.!,'. 
of soft papillomatous growtiis. The charactm of {in* i']atli<'iimn of 1 lie bladder is 
maintained over these growths, andbraiiches of bkaid Vi'ssols are c-arried into each 
prolongation. A few pyriforjn mucitid {;ysts arc. formed since the escaise of the 
secretion of tlie glands of. the bladder is obstructed (Plate X.iX. Fig. 1). 

The fundamental lesions of the disease are however formed in the small and 
large-sized vessels, which show definite reactions within and around themselves, 
irrespective of their situation in the thickness of the bladder wall. The siibinU'- 


iinni remains a 
c bo undcruiiivnl 
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cOBal vessels are the first to exliihit; the lesions of the disease, and like inflaininatoiy 
(ioiiditioiis in other diseases, new vessels are produced in this situation. The majori- 
ty of the vessels are more or less dilated, and this dilatation is accentuated in some 
places more than in others. The endothelium of mdividual vessels shows 
proliferation and desquamation, and the lumen contains some of the active forms of 
the parasite. If thrombosis of a vessel occurs, and this is aided by the parasites 
l)eing in tiie sluggish stage, tlie a.rrest of tlie parasites takes pla,ce (Tlate XXIX, 
Fig. 1). A process of fibrous encapsulation from tlie periphery inwards takes place, 
and an attempt at the digestion of individual parasites is made by the body cells 
(iPlate XXIA^, Fig. 2). The affected vessels undergo varying degrees of endarteritis 
obliterans. Some vessels are actually obliterated, and in others partially sclerosed, 
a few parasites may still be seen to persist (Plate XXIX, Fig. 1). The localisa- 
tion of jiarasites in altered vessels has been seen at all deptlis to tlie subserosa. 

In the Gontinuitj’- of the bladder epithelium, one often notices several solid nests 
of epithelium, which are generally disposed in the form of rounded aiienomatous 
cysts but apjiarently without any central lumen. Various stages of development 
and degeneration of these epithelial nodes are seen (Plate XXIIL Fig. 1). As these 
nodes enlarge, their central zone shows some thinning, while a few promirieiit 
nucleated *' bodies 'i' are clearly seen. With further development of these nodes, 
the nucleated “ bodies sliow more structural dilferentiatioii, and when the evidence 
of rare parasitic encystment is observed one has no hesitation in recognising the 
initially undifferentiated nucleated “ bodies '"las the foreruimer of the largey sized 
parusites t)r of tiieir encysted fellows (Plate XXIII, Fig. 2). The collection of 
sex'cnil layor-ed epitlielium in nodes appears to be more frequent tliaii the normally 
e.xistent inucus-secreting glands of the bladder, and e vidence seems to be a.vaijableto 
show that a number of these nodes may originate from, the bladder epithelium (Plate 
XXII. Fig, 1). Since a .immber of such nodes are also seen to be present in the 
c1e|:)tli of the bladder, there need be little doubt that they can originate from blood 
vessels. Further it seems possible that the pa.pilliform processes of tlie mucosa, aa 
they grow, may close and form tubular adenomatous structures. Degenerative 
changes in the nodes extend from the centre towards the periphery, and in the ad- 
vanced stages all the epithelial cells may 'be destroyed, giving place to a coliectioii 
of an increasing number of parasites. The enclosing membrane then 'bursts, and 
the parasites are liberated into the urine (Plate XXV, Fig. 1). 

In the most oldstaiiding cases, the blood vessels at all depths of the bladder 
wall show an extreme proliferation of the eiidothelmm and appear as only collec- 
tions of e|jidic'!ial cells, bearing little or no resemblance to the original blood vessels. 
In '^onu: !sis('s tiicsc' I'qsthelial ceils exhibit a definite infiltrative type of extension, 
and show unmistakable tendency to simulate malignancy (Plate XXV.HI, Figs. ] 
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& 2). So-called ‘‘ bird’s nest bodies,” of epithelioma are however never to be seen, 
and real metastasis into other organs has not been found. 

Another abnormality present in the sections consists of scattered minute 
collections of cellular infiltration, immediately beneath the epithelium and also 
around the ulcerated or haemorrhagic lesions. The cells are generally of the 
mononuclear type, consisting of young fibroblasts, lymphocytes, and endothelial 
cells with an admixture of so-called plasma cells. The most interesting picture is 
however to be seen below the clots and nlcers. The central core of an ulcer consists 
of nectrotio material with cellulm:’ debris and fibrin. Around the degenerative core 
is a cellular reaction zone, the margins of which contain the invading parasites. 
Plate XXI, Pig. 1 represents an active liaemorrhagic nicer involving the mucosa and 
submucosal layer. Just below the haemorrhagic ulceration a colony of a number 
of parasites, enclosed in a capsule and lying in a pool of acute extravasation and 
with little attacbraent to the supporting bladder tissue around it, is noticed ([Plate 
XXI, Pig. 2). This picture leaves little doubt about the parasitic etiology. 

In regard to the parasites, it has been stated that they are found in the epi- 
thelial nodes on the lining membrane of the bladder, and in the lumen of Mood 
vessels which are more or less altered. The occurrence of the parasites in the reac- 
tion zone around the degenerated areas of the submiicosa has also 1)een mentioned. 
Further the parasites may be found considerable distance beyond the initial reaction 
zone, and may even be seen making their way along the fibrous septa between the 
muscle bundles. The parasites be numerous in the active lesions, but occa- 
sionally it may be difficult to find them. In the chronic oases, the muscular la 5 ’‘er 
and the subserosa may become involved. In the more acute cases however, the 
parasites are situated exclusively in the submucosa. In acute attacks and early 
lesions, the parasites are easily recognised but in chrome cases this may need some 
perseverance. 

Kidney. The parenchyma of this organ shows liaemorrhagic areas, and cloudy 
swelling in places. The glomeruli show varying degrees of dilation and degeneration 
and the epithelial cells of the tubules are unrecognisable. The parasites have been 
detected in this organ also. (Plate XXVI, Pig. 1.) 

The PARASITE. 

The parasite varies in shape and size, and can be seen both in a free and an 
encysted stage. Its cytoplasm appears to be sharply defined, having an alveolar 
or reticulated appearance. Inclusion bodies and ingested red corpuscles have been 
seen, but bacteria seem to be singularly absent amongst the ingested material. The 
P^asite possesses definite histol^ic powers, and appears to grow by the absorption 
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of food material tliroiigli its body surface. Gramiles of blood yigmeat tave been seen 
in its cytoplasm, and tlie ingested erythrocytes appear to have undergone some shrin- 
kage. In the smallest sizes, the cytoplasm is clear and shows no ingested bodies. 
Contractile vacuoles do not appear to be present, but so-called chromatoM bodies 
and glycogen vacuoles are occasionally found. Miorophotographs of collections of 
the p>arasite as seen, in histological sections are .appended hereto. A diagrainmatio 
representation of the characteristic features of the individual parasites is given 
(Plate XXIX (a)). In shape the parasites are usually spheroidal (Plate XXVII, 
Pig. 2), but irregular shapes are also seen. Occasionai prolongations of the 
(Plate XXV, Pig. 2), are met with, and these are probably pseiidopodia. Some 
sites are elongate, as seen in (Plate XXI, Pig. 2). Mo suggestion of the presence of 
flagella or cilia have been detected. Perhaps the spheroidal shape indicates a state 
of rest, and the elongate shape that of activity. Difierentiation into endo-and 
ectoplasm is not discernible in sections, but the sharp outline of the parasite 
obviously indicates snob a hyaline ectoplasmic structure. The nucleus of the para- 
site is the most outstanding feature. It is vesicular and round, and possesses a 
centrally situated dot, the karyosome. The nuclear membrane is very definite, 
and presents on its inner surface a series of bead-like small granules of chromatin 
arranged uniformly. The clumping of the peripheral chromatin beads into three 
irregular masses on the internal surface of the nuclear membrane has been seen in 
one or two exceptional parasites (Plate XXIX (a), Pig. 12), Prom the karyosome 
network, presumably of linin, is seen to radiate to the nuclear membrane. On 
careful examination, the nuclear membrane is found to be an even circle of highly 
refractive material of some depth of focus. The eneysted and free forms of tlie 
parasite, encountered in sections from half a dozen eases of haematiiria have been 
Measinxni in as follows : — 
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tliree nuclei has been seen (Plate XXIII, Pig. 2 and Plate XXV, Fig* 1). The size 
of the parasites is important in order to distinguish them from body cells, such as, 
epithelial cells, pus cells, macrophages or other bloated cells. The size of the 
double contoured cyst is helpful in the identification of the parasite. It is in the 
smallest stages of the parasite that one has to be particularly careful in 
distinguishing them from bloated or wandering cells. 

In the iiondividing stage, the nucleus of the parasite varies from 5'7 to 7*3 
microns, X'uclear division takes place by a process of binary fission, and the 
maximum of up to four nuclei has been seen in dividing individuals. 

The parasite is best studied under the l-6th objective with frequent use of 
the l-]2th oil immersion lens. It has also been studied in the fresh condition in 
wet smears, prepared from the clear and bloody urine obtained from heematuria 
cases. Since urinary sediments contain a variety of cells one has to examine the 
former from a large number of healthy cattle, before forming conclusions regarding 
the structures encountered in the urine of haematuria subjects. Parasites of 
spherical shape, which may show an ectoplasm, and several times larger than body 
cells, with inciiLsion bodies and a hazy nucleus in unstained preparations, are to 
be seen in haematuria urine. Highly vacuolated and granular bodies probably 
represent degenerated parasites. Spherical double-contoured encysted parasites, 
the largest measuring about 35*4: X30'8 microns, are to be found. Rarely a small 
pore-like structure has been discerned in the cyst wall. On the warm stage parasites 
with digit-like or blunt dome-shaped pseudopodium have been seen. Under the 
microscope the parasites have not shown any attempt to cross the field nor have 
any simultaneous retraction and protrusion of processes been seen. They would 
thus appear to be in a somewhat moribund state in the iirine. 

From the above description, it will be appreciated that the parasite has no 
features of the phylla ciliophora, masti[/o 2 :)hora and s^m’ozoa, but would appear to 
belong to phylum The parasite is characterised by a nucleus with 

a small spherical karyosome and a perixiheral layer of fine chromatin beads, 
justifying for it a place in the genus Entamoeba-, The size of the free forms and 
the cyst is much larger than that of all the known species of Entanioebce, and 
the host is a bovine. Definite histoiytic poAvers are possessed. In Anew of these 
considerations, and the fact he has received considerable help from his wife 
Mrs. Eamala Datta the author suggests the designation Kamala, n. sji, for the 
large protozoan parasite causing bovine haematuria. 

Discussion. 

It will be of interest now to consider whether the course and nature of bovine 
haematuria, as also its general morbid anatomy and histology, are in conformity 
with what is knoAAm about natural and experimental amoebiases. 
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In ‘both anioebiases and bovine liaematiiria, one notices a progiessivoly, mild 
chronic course with periods of quiescence between exacerbations, and the 
occurrence of lesions in apparently healthy cases, iloiissn's [1906] case, already 
mentioned, was hnown to sulier from attacks of haernaturia for 20 years, and 
similar remarkably persistent cases of amoebiasis in man have been encountered. 
^Yith r(\gard to t'lio possiliility of haernaturia and the bladder lesions, as enoonntered 
in cattle, being due to amoebiasis, consicleiable support is available in relevant 
literature. Of the munerous cases of amoebic cystitis associated with haernaturia- 
which have been met with in the diverse races of the world, authorities in 
piotozoology are prepared to accept notably few cases as genuine amoebic infections, 
such as lYalton's [1015], Fischer s [1914], and Petzetakis' [1923]. I'urther 
Ydrthin s case of amoebic infection of the testis and epididymis has also been, 
accepted. .From the few cases of amoebiases recounted below it will be seen 
that tin-'. .mainteiia.nce of an over-critical attitude, from theoretical considerations of 
protozoology without reference to the nature of the clinical disease or of its lesions, 
can no longer be just hied. 

Commencing with such interesting cases of amoe))iases in large animals, 
which have not found mention in any of tlie standard liooks or in tlie. literature 
upon Amoehiases. one finds (duit Benome j ldOr)]’'’^ puhlisiied aji article on 'ITber 
parasitare Ictoro-haematurie der Scliafo. Ih’itrage Zum Ht iidien dcr Amocho- 
sporidien and Lehman [1912] di'alt with cases of anna'biases in tin' liorse, 
cattle and sheep. Lehman showed tha,t in these animals anioelan? induce 
papillomata and other neoplastic growths. A comparison, of the ■|,)i(iture of the 
warty growths in sheep found by him wuth Plate XIX. Pig. 2. of t-Iiis article, is very 
suggestive. In discussing Lehman's findings, an India-n Yeterinarian. Yulladares 
[1913] makes the remark that •' it would be wortliwhih^ .lu'eping a look out witli 
a view^ to ascertaining whether the amoebae as th.e cause of disease in tlie. 
domesticated animals exist in India,” and the ])ertine.iie.e of tliat remark has been 
illiistratecl in the present investigation and also in the records by W'are [1919] 
and Boyd [1931] upon amoeluasis of dogs in the Ma.(lras Pri.'sideiu'.y. 

Turning now to the pathology of human aniocbinses, Brown [ 19 ! 0] states; 
‘‘ Xot only is the submucosa actively intiained and inliltrat<u.i but the connective 
tissue fibres proliferate, and minute buttons of adenoid tissue jmsh u]) from below 
and apipear as cluslcr of uKiri-like buds on the surface of the mucous me ml wane. 

* Xone of the morbid changes of amoebic dysentery are 
more distinctive of the disease than the exudation of irom niiniite orifices of 
mammillaiecl groivlhs on the mucosa. * * Many of the epithelial cells are 

replaced by mucous cysts. " Jurgens found mucoid cysts in his case of chronic 

* Original not consulted. 
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cystitis. A resume of tlie early cases Avhere amoebae were found in Iiuman urine 
lias been given by Dobell [1019], and Fiessinger and Parturier [1926] have 
reviewed the subject since. In a demonstration before the Royal Society 
of Tropical Medicine and Hygiene, Yorke and Adams [1928] described an 
interesting case of ‘colloid carcinoma’ of the splenic flexure of the large intestine, 
in the lesions of which the presence of greatv numbers of 
was proved. Again in an article on *■ Amoebic granulomas of the large bowel and 
their clinical resemblance to oarciiioraa,” Gunn and Howard [1931] describe their 
own experience and draw pointed attention to the occurrence of localised tumours 
of amoebic origin, which present the clinical and gi:oss pathological picture of 
carcmoma. They proceed to cite the previous experience of Desjardins, wdio 
coined the term pseiuhcmwer for cases of amoebiasis resembling cancer but res- 
ponding to medicinal treatment. It will not be out of place here to quote Knowles 
[1928] who remarks that it is just possible that amoebic infection with its 
consequent irritation may be one of the factors concerned in the production of 
primary carcinoma of the liver of man in India. 

Again in the case of experimentally infected guinea pigs the occurrence of 
lesions resembling neoplasms is definitely known, though to Dobell and O’Connor 
[1921] the lesions seen appear to be pecnliar. 

Having seen how closely the morbid anatomy of bovine haeniaturia conforms 
to the available knowledge on amoebiasis of man and animals, one may turn to, 
the probable method by which amoebae gain access to the urmary bladder. In 
cases of human amoebic cystitis, the question is still obscure. BYom the 
histological features of bovine baelnaturia, the blood stream appears to he the 
chosen route. Secondary infection of the brain, liver and other organs have been 
encountered in man, and the parasites have been detected in blood vessels in some 
of these cases, blit the possibility of the blood circulation playing an important 
role in the generalisation of amoebic infection does not appear to have been, 
considered at all seriously. From the studies in the present cattle disease, the 
need of this possibility being investigated is emphasised. 

Conclusion. 

Definite evidence lias been put forward in this article to show that the hitherto 
obscure enzootic bovine haematiiria is a parasitic disease, caused by a large 
protozoan x^nxasite. From the characters of the parasite, it appears to belong 
to the phylum Bliizopoda resembling F'nfemocba hut would appear to be 

a new species, for which the designation Entamoeba Kamala n, sp. is proposed. 

Results of further work in connection with experimental transmission, cure 
etc,, -which are now in progress will be piihlished in due course. 
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PLATE XIX, 



Fig. 1 X .56. Bladder. Junction of healtliy and desquamating mucosa. Surface is Iiajinorrliagic, 
undergoing coagulation necrosis under the action of developing parasites situated immediidely 
subjacent to the degenerating inucosa. 





Fig. 1 X 214:. Exrly lesion, re iclung nearly to the muscular layer, resembling a ‘ typical ulcer oi 

Harris ’ of human amoebiaas. ■ • 


Fig. 2 X 56 shows the nidus of the disease in the sub'mucosa, represented here by a colony of 
parasites in a thrombosed and bursting vessel, with secondary changes in the mucosa. 
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PLATE XXIir, 


. X 143 shows epitholia! nodes in various stages of development and degeneration. Tlie swollen 
node, about to be shed, shows a few* losauliar nucleated bodies in the tliinned central area. 


Fig. 2 X 216 shows a colony of large-sized parasites: and a double-contoured cyst, localised 







blood vessels. 


JSfote tiie aubacuta 




Gol(Juy of active parasites ia the superficial lesion. Note the cyst, showing one definite, 
and two hazy nuclei, with a suggestive empty space. 
















Fig. 1. Shows growths in the muoosa and submucosa resembling to an extent adeno-oarcinoraa. 



PLATE XXIX. 


56. Low power photograph,. Seotiou of bladder shows two altered Tessels. In one, the 
jjarasites still persist, While in the other they have been digested by body tissues. 


A degenerated area in the duodenal lesion (Plate XIX, Fig. 2) shovVing a few parasites 
With the typical nuclei. 






ETIOLOGY OE ENZOOTIC EOYINE HAEMATGBIA 


Moussu, G. & Dollar, J. A. W. (1905). Diseases of Cattle, Sheep, etc. 520, London. 

Miustak Husain (1930). D. P FeL ifar/. 19, No. «. 4, 

Ottawa (1930). An. Se/p. Vat Dir. Gen, Gmmdd, iQ. 

Parameswara Ay yar ( 1922). J/airas I'ei. J. 16th. issue, 4. 

Petzetaliis, M. (1923), cited by Wenyou (1926). Protozoology, 192, 

Piofc Bey (1918). Pec. Fc^. 94, 631. L 

Rangaswamy (1922). JlaPms Fet. J, 14th issue, I. 

Sarvonat &Eoubier (1911). J. O/im. Noc. 100, Pt. 2, 815. 

Sonsino (1870), cited by Neumann, in Parasites and Parasitic Disea.sefi of Ootiustirated Animals. 
London, 1905, 532. 

Steyn, D. G. (1933). OnilerstefooH J. Vet. Sc, rf? An. Imlm, 1, 439. 

Theiler, A. (1929). Health and Nutrition of Animals. Goun. Sc, «fe Indus. Anstmlia I’nnvph- 
let No. 10, 4'i. 

Valladares, J. F. (1913). Notes on Protozoal Infections in Madras and Central l*rovin(;e.s, Nagpur, 8, 
Fe^,BML (1931). 1, 95. 

Walton, H. J. (1916). Hr. ilfed. J. 1, 844. 

Ware, P. (1916). J. Comp. Path. S Tier. 89, 126. 

Wirthin, A.S. (1922). J. Infec. Dis.Z%m%. 

Yorfeo & Adams (1928). Tt. May. Soc. Trap. 3ied, <& Hyg. 22, 8, 


SOME OBSERVATIONS ON THE TRYPANOSOMES OF GlTi'LE 

IN SOUTH INDIA. 

BY 

M. ANANT NARAYAN RAO, 

LecUiver in Famsltologif, Madms Veierwo.rfi Colhyr., 

AND 

S. YAIDYANATHA MUDALIAR. 

Ansistmil Lecturer. 

(Received for publication on Axigusfc 'iS!34.) 

(With Plates XXX to XXXII and six text'ligs.) 

CONTENTS, 

. Pages. 

Introduction . . . . . . • ■ . . . - • 362 

Early experimental work on pathogenicity of cattle trypanosomes to horKi\s . . 303 

The identity of the small tryimnosf)mos of cattle in South India. .... 305 

Pathogenicity to experimental animals . . ...... 370 

Cross immunity tests ... . . , . . . . . 374 

Adhesion phenomenon ...... . . . . . . . , 370 

Reservoirs of surra . . . ... . . . . . . 376 

Mechanical transmission by tabanus , . , 3S4.- 

Chservations on the occurence of trypanosomiasis in rindeqmst — virus protiucing 
calves . . i . . . . .... . . . 390 

The large tiypanosoincs in the blood of bovines and bulfaioes. (T. fheilcri 
Laveran, 1902) .... . . . . . . . . 391 

Stxmmary . ..... . . . . . . . 394 

Acknowledgments ... . . . . . .... 39S 


Introduction. 

Onty twotinclBof trypanosomes liave been met with in the blood of oattle in 
South India, mz,, a large one resembling T. theihri Laveran. 19 02, arnl a smaller one 
resembling T. evansi [ Steel 1886 ], and the same two tryjiuiiosomes arc found in 
Northern India. Stirling [ 1020 ] appears to have found trypanosomes resembling 
T. congolense Broden, 1904 [ T. dhmrphon Laveran and Mesnil, 1904 ], in a bullock 
that died in the Central Provinces under conditions suggestive of piroplasmosis, but 
the existence of this trypanosome in India has not been confirmed. 

In the smaller trypanosome of cattle resembling T. evmid, which is also found 
in other animals such as the horse, dog and buffalo, no polymorphism seems to exist. 
Whether this smaller trypanosome as found in cattle is pathogenic to them and to 

( 36? ) 
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other (lomesticated animals, particularly to the liorse, is a question wMcli is often 
asked. Until recently it was commonly believed that such trypanosomes of cattle, 
in this part of India, were not very pathogenic to bo vines and buffaloes, but with 
the mcreased facilities now available for routine microscopical examination of blood 
of cattle in the field, it has been possible to determine that definite outbreaks of 
trypanosomiasis do occur in bovines and buffaloes, causing mortality, which varies 
according to the severity of the outbreak. Sdwards [1928J says that virulent out- 
hreaks of surra occur among cattle and notably among buffaloes in which the mor- 
tality rate may vary from 20 to 80 per cent. 

Other workers have shown that there exists some circumstantial evidence that, 
under natural conditions, these trypanosomes may be transmitted to horses, from 
bovines as reservoirs. But experimental evidence appears to be very meagre to 
prove the identity of these monomorphic trypanosomes of cattle and that bovines 
act as the reservoirs from which the disease is carried over from one season to the 
next, and to the horse, in wdiioh: surra is fatal. 


Early experimental work on pathogenioity of cattle trypanosomes 

TO HORSES. 

Lingard [ 1899 ], in his Eeport on Surra, mentions two horses which, on being 
inoculated with cattle trypanosomes, developed olinical symptoms of surra, with the 
appearance of the parasites in the peripheral ’blood. These two oases were briefly 
as follows: — 

(1) AustraUan mare, Inoculated subcutaneously, on 3rd October 1892, 

with 0’5 o.c. of blood swarming with trypanosomes taken from a cow. 

The latent period occupied 5 days and the temperature gradually rose 

during this time, the parasites appearing in the blood on the 6th day. 

Death occurred on the 14th day of the disease. 

(2) //ow.— Inoonlated with 0'5 c. 0 . of blood swarming with trypanosomes 

taken from a COW. Besiilt positive (but no details given). 

Presumably on the basis of the two foregoing and perhaps other similar obser- 
vations, Lingard [ 1906 ] was led to deduce the following conclusions : Horses 
inoculated with blood in small quantities drawn from plains and hill bovines during 
the eady stages of tU (U^ blood he collected during a paroxysm, or 

an intermission, contract the disease in virulent form, and death may take place 
when the infective blood is derived from a plains animal within the short period of 
6 days, and when from hill bovines between a period of 19 or more days. When, 
however, inoculations are conducted with blood: taken at a later stage oi the disease, 



from a similar source, the course of the malady iu equiaes is more proloaged, but 
equally fatal in its results. 

Proof of the pathogeaicity of cattle trypanosomes to eqiiines is afforded by the 
results of tvsro experiments carried out by Fraser and Symmonds [ 1909] in the 
Federated Malay States. The full acoonnt of these two oases, as given by the 
authors, is of sufficient interest to bear quotation 

(1) [‘In order to follow the course of the disease in a horse inoculated from 

a naturally infected bullock, an Australian mare, 9 years old, about 
16 hands high and in excellent condition, was inoonlated siibontane- 
ously with 1 c.c. of blood from a naturally infected bullock. Seven 
days later the temperature of the horse rose to 103°F., and on the 
following morning trypanosomes were discovered. Thereafter the 
temperature was irregular, a remittent temperature of from two to 
five days duration alternated with an interval of one to two days, 
when the temperature was either intermittent or normal. During the 
last 12 days of the disease, the tempcratiire remained consi;!intly eleva- 
ted. On six occasions parasites could not be found, their period of 
absence lasting from one to four days. Oedema of the logs w^as first 
noted on the 10th day and by the 13tli day was marked ; on the 18th 
day oedema under the abdomen was observed and later on it extended 
along the thorax. An urticarial eruption occurred from time to time. 
Loss of condition was pronounced by the 25th day and weakness of 
the hindquarters, which was first noticed on the 44th day, became 
very evident by the 50th day. On the 62nd day the mare fell down 
and did not rise again. Death occurred on the 66tli day.” 

(2) “ An Australian gelding, 8 years old, in good condition, was inoculated 

subciitaiieouslj'' with 0*1 c.c. of blood from a naturally infected bullock. 
The period of incubation was six days and the disease ran its course in 
51 days. The observations as regards parasites and (Jinical signs were 
similar to those in the preceding case, save that cedema was never 
present. That this w'as not due to a different species of trypanosome 
was shown by the fact that another hors(.i which was inoculated with 
the same strain of trypanosomes developed oedema of t he legs, abilo- 
men and thorax 

Fraser also conducted experiments to determine the identity of the trypaiio ■ 
somes encountered in other species of animals and, as a result of these experiments, 
came to the conclusion that the trypanosomes ■*’ met with in horses, cattle, and dogs 
are indistinguishable morphologically and in tlieir pathological effects (and hence 
they all helong to the species TTy^anosoma evansi)'\ 
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The IDENTITY OE THE SMALLER TRYPANOSOME OF CATTLE IN SOUTH INDIA. 

{a) Morphology. The general morpological characters of this trypanosome 
agree with those described for T. [ Steel 1885 ]. It is monomorphic with a 

well developed midnlating membrane and a free flagelhmi. The measurements range 
from 18 to 33 [x in length and 1-5 to 2 0 [x in width. The average length is about 
25 }x. 

(6) Biometry. The idea of the study of biometry was obtained from the work 
on Trypanosome Diseases of Domesticated Animals in Uganda by Bruce and his 
collaborators [1911 ] and also from Big. 196 in “ Protozoology ’h by Wenyon 
[1926]. In the latter two curves, one for T. emnsi and the other for T. bnwei, are 
given representing the percentage of trypanosomes in respect to length. It is 
presumed that those curves were plotted from smears obtained from animals in 
whichrelapses had occurred. ’Wenyon [ 1926 ] suggests that the notch, which 
these curves show, is an indication that in such infections two types ol trypanosomes 
are present — not necessarily two species, hut that the one species tends to produce 
in its development two main groups of organisms and it is of interest that curves 
drawn for T. evansi in white rats also show similar notches. Taliaferro [ 1930 ] 
says that in mice, where no crisis occurs, the infected trypanosomes do not come in 
contact with the lytic anti-bodies, hence they do not become biologically changed 
as they do after each trypanolytic crisis in such hosts as guinea pigs, dogs, etc. 
White rats behave exactly like mice in having no crisis when injected with T. evansi, 
yet a notch in the curve of lengths of trypanosomes is seen. Even the curves drawn 
for relapse strains of a known original, all maintained in driierent rats, also show a 
similar notch in each curve drawn. Curves drawn for a strain maintained in a 
guinea pig also show similar notches in the original as well as in those drawn during 
each relapse. Hence it would appear that the indication of such a notch, if it is of 
any significanetj, is that these trypanosomes have in them a latent possibility of 
variation whicli may manifest itself even -without the action of a trypanolytic anti- 
body. Eitz [1914] was able to produce twenty-two variants imniimologically different 
from the original strain with which he worked and it seems that there are 
■unknown factors which influence the virulence of the same type of trypanosome 
wlien it is obtained from different sources such as the bullock, dog, or horse, about 
which reference -will be made later. 

The biometric curves discussed in this paper were drawn from a large number 
of blood smears from different classes of naturally infected animals, received in -this 
laboratory, and from the blood smears of experimental animals used in the present 
study. Since all these smears w'ere made and stained under similar conditions, it is 
suggested that any error due to contraction of the parasite, etc., should be commou 
to all the organisms drawn for measurement, and can be ignored. Fig. I shows 
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curves for trypanosomes ill naturally infected ponies, dogs, cattle and bufialoes. 
Tlie similarity in the rise of particular lengths is striking in all these curves. These 
curves also show that the average length of 25 p. is common to all and coincides with 
the average length of T. evmisi. It was also found that the curves drawn for 
trypanosomes in experimentally infected ponies resembled those drawn for the 
trypanosomes from naturally infected ponies in respect of the average length and 
the range of variation in length. (Fig. II). In experimentally infected white 


Tiyps : Bovine Sti'ain 


Tiyps : Bovine Strain 

PONY HJ| 444- 
, a2-3'33. 


PONV W? 444 
21-3-33- 


tl 23 tt 23 

StXC 5H MICRONS ! ' 


•13 . a? 29 nm 

.55 2e }N microns 
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rats, however, the peaks of curves showed a predominance of trypanosomes measur- 
ing SO p irrespective of the fact of those trjuranosomes being derived from a nnnv" 

n Ann- TTT\ TJ. • I 1 1 F • 


a dog or a calf. (Fig. IV). It is not clear why the average length should come nn 

€>A +T X -1 1 -1 .1 . . . . . wiUK. up 


to 30 p in the white rat alone, while the same strain when injected into a doo- a 
pony, a calf or a guinea pig (Fig. Ill) gives an average length of 25 p. It is sug- 
gested that this apparent increase in the variation of the average length of the 
trypanosome in the rat may be due to more uniform multiplication of trypanosomes 
in such an animal which ofiers no resistance whatever to rapid increase. The uni- 
formity of the curves of the lengths of trypanosomes in white rats, irrespcci.ive of 
their source being from a pony, a dog or a calf is however significant. The similari- 
ties of the biometric curves suggest that those trypanosomes are identical and tliat 
as the average length and the range of variation in their lengths coincide with T 
evansi they are identical with it. 
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Trj^ps: Ecpine Relapse Strain 

W. Rat. No. 423. 
20-2-33. , 


Tryps: Bo vino Original Strain 
W, .Rat. No. 416. 


IN! JMlCPtJMS 


'Pathogenicity TO EXPERIMENTAL ANIMALS. 

(a) WMie rats. In 'the year 1929-30, in a long series of passages of the strains 
'«of these trypanosomes from cattle, dogs and ponies, it was found that in each 



371 


0BSEEVATI0N8 ON TRYPANOSOMES OF CATTLE IN SOUTH INDIA 

strain, when passed tiirougli a series of rats, the viriilence was exalted to that 
animal. In each rat iiijected trypanosomes appeared uniformly on the 2nd or 3rd 
day and the rat died hy the 4th or 6th day. All these strains appeared as if they 
became “ fixed '' in their virulence to the white rat. Similar results were obtained 
with the new strains of trypanosomes obtained during the year 1938-34. Natten 
Larier and hfoyer [ 1931 ], while working with the trypanosome of the dromodery 
and the horse in Morocco, had the same experience with rats. Laveraii and Mesnil 
[ 1907 ] observed that white rats when injected subcutaneously with T. emmsi 
showed them in their blood in 3 to 3-|- days and died in 5| to 6| days and quote 
other workers who obtained similar results. All seem to agree that in white rats 
no relapses occur, 

(&) Guinea fig. In this animal the course of the disease is subacute with 
relapses and they usually die in about 8 to 12 weeks after infection. Thevse results 
are in conformity with those of other workers. 

When a strain of trypanosomes, in passage through guinea pigs, was passed 
through a rabbit, it became more virulent to the guinea pig during the first or 
second snb-passage. Terry [1910] observed that a strain of Mauritian surra, when 
kept exclusively in guinea pigs, became attenuated for mice. The study of passages 
of the Bouth Indian strain of T. emnsi did not show any such attenuation to white 
rats. 

Laveran [1908] has shown that the virulence of the Mauritian strain of surra 
when passaged through a series of guinea pigs may become very virulent to it. 
During the present study, it was remarkable that an equine strain, during its 
passage through guinea pigs, suddenly became very virulent to it and subsequently 
resumed its original oliaraeter after three sub-passages. In the course of this period 
of exalted virulence, it Avas possible to infect two hyper-immunised rats, against the 
same strain, to 'vvliioli they succumbed. Jt is not understood how and why the 
virulence flared up to this height, though temporarily. The first of these three 
guinea pigs died within. 24 hours after infection and the other two in 10 days after 
infection without showing any relapses. This is unusual in this animal, when 
injected with an ordinary strain. 

(c) Ponies. These animals were used to study the pathogoiiicity of the bovine 
and canine strains on them. Five ponies were used. Each pony on purchase was 
kept under observation and its blood, in massive doses, was injected into two rats 
to make sure that it wtis free ifrom trypanosomiasis. The ponies were keqit in 
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Tlie results of itioculatiou are taluikted 'below 

Protocol I. 


It may be seen from tlie above prokicol that tlieAKO'ine or caniiie strain of 
trypanosomes is virulent to the horse and it seems that tlie canine strain is more- 
virulent than the bovine. It also seems that a strain of trypanosomes after passage 
through a highly susoe|)tible animal like the white rat becomes exalted in its 
virulence to the horse. Fraser and Symmoiids [1909] also found that a pony inject- 
ed with a canine strain of T. Rmwsf died in about 8 days after showing trypano- 
somes in its blood. 

(il) Caitk. Three calves were utilised in testing on them the virulence of an 
equine and a canine strain. The results are tabulated below 

Protogol IL 


Period of 
jiioiibation 


iSource of strain 


Remarks 


41 S Canine, strain from a 14 days. laved for 2 Showed trypanosomes 

naturally infeoted dog, (3rd to loth months and 39 only for oiio day on loth 

I 0 . c. of blood subouta- February 1933.) days. Died on February 1933 and never 

neously. 22nd April 1933. afterwards. 

516 Equine strain from white 4 days. )Still alive . . Trypanosomes seen from 

rat, 514, i C..C. of blood {4th to 7th 7th to 13th September 

subeutaneouslv. September 1933. Negative ever 

1933.) since. 

2S4 Canine strain from dog 8 days. Developed rin- Trypanosomes seen only 

after passage, i c. c. of (7th to 15th dorpest and on one day, on 16th 
blood suleutaneonsly. August 1930.) died on 19bh August 3930. 

' August 1930. 


Pony 

No. 

Sourcie of strain 

Incubation 

period 

Duration 
of disease 

Remarks 

444 

Bovine strain after lObli 

6 days. 

30 days. 

Relapses two— one on 


passage in white rats. 

(16th to 21st 

Died on lath 

26th March 1933 and 


* e. e. of blood subcu- 
taneously in neck. 

March 1933.) 

April 1933. 

. 36 days. 

other on 29th Alareh 
1933. 

419 

Bovine strain from guinea 

7 days. 

Relap.ses tw'o— 'Orie on 


pig, 415, -V 0 . c. of blood 

(8th to 14th 

Died on • 13th 

2Sth February 1933 and 


.subcutaneously in neck. 

February 1933.) 

1 March 1933. 

28 days. 

, other on 1st March 1933. 

519 

1 Bovine strain after pas- 

4 days. 

Relapses two —one on 


sage through dog, 528, 

(2ud to 5th 

Died on SOth 

11th October 1933 and 


* -s e. c. of Wood subcuta- 
neously in neck. 

October 1933.) 

! October 1933. 

1 

9 days. 

other on 1 3th October 
1933. 

449 

Canine strain from white 

6 davs. 

No relap.s(j. 


rat, 452, after lOth 
passage, J c, c of blood 
subcutaneously. 

{3rd to 9th April ! 
1983.) I 

iJied on lllli 
A}n'il 1933 witli 
cerebral symp- 
(oms. 


296 1 

Canine strain from dog. 

5 days. 

30 days. 

Rel,ij»se,s a/7. The pony 


■! c, e. of blood suboiita- 

(20th to 25tb 

Died on 2?nd 

dovelopetl swelling in 


neously. 

August 1930.) 

Septeuiber 1930. 

sternal region 4 days 
after inicction. 
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In calf Ko. 418 very few trypanosomes were found on one day only in a wet 
preparation, yet its blood was found to be infective to white rats after the dis- 
appearance of the trypanosomes from its blood, but only when over 2 c.o. of blood 
was injected. 

The blood of calf No. 510, though it was found negative under the microscope 
from 14th Septtunber 1933 onwards, was found infective to white rats for 60 days 
after the disappearance of the trypanosomes, but only when over 2 c.o. of blood was 
injected. 

In the healthy calves used in these experiments, trypanosomes disappeared 
from their peripheral blood within a few days and very small doses of blood 
from these calves proved non "infective to snob susceptible animals as white rate. 
This finding has an important bearing on the question of cattle acting as reservoirs 
ill bridging the gulf between one surra season and the next. This question will be 
dealt with separately later. 

Calf No. 516 is still alive at the time of -writing (about 10 months after infection) 
and its blood is non-infective now to white rats even in massive doses. The blood 
of this animal is being tested periodically for adhesion phenomenon and it has com- 
pletely lost that property, the loss being a gradual one. 

(c) Bogs. Seven dogs were injected with equine, bovine, and canine strains, 
and the details are shown in the Protocol below. Four others, Nos. 276, 270, 277 
and 278 were infected for the study of adhesion phenomenon and two were treated 
with ‘ Bayer 206 to see if they could be.reinfeeted with the surra trypanosome. 
Of these two, one (276) was reinfected sucoessfuliy after sixty-two days and the 
other (277) died a few days after treatment. 

Protocol III. 


Duration of 
disea.^e before 
death 


Period of 
incubation 
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No.' 

Source of strain 

Period cf 
incubation 

Duration, of 
disease before 
death 

IXeniarks 

U : 288 

Hoimd strain . 

6 day.s. 

(13th to 18th 
August 1930.) 

9 days . 

No relapse. 

; : : : 289 

Ditto e . . 

Ditto . 

23 days . 

Relapse one. 

SOI 

Hound strain passed 
through pony. 

6 days. 

{28th August 

1930 to 3rd 
Sep t e in b e r 
1930.) 

19 days . 

No relap.so. 

302 

Ditto 

3 days. 

{28th to 31st 
August 1930.) 

24 days . 

Relapse one. 


Piom the above it is concluded that strains of this trypanosome whether 


obtained from canines or equines, behave practically alike in the dog. but strains 
from boviiies appear to be milder in virulence. 

Cross IMMUNITY TESTS. 



These tests were studied in white rats infected with different strains and cured 
with ‘ Bayer 205 The dose of the drug per rat was fixed at 1 c.c. of a 0'5 per 
cent, solution given intraperitoneally. In ah , 25 rats were used of which 19 remain- 
ed refractory to reinfection with any of the strains used or their relapses. As many 
as 8 attempts were made, at intervals, to reinfect some of them, the last being 
seven months after treatment with ' Bayer 206 Kasai and Akaza [1927] found 
that they could protect mice against surra for five montlis only by giving prophy- 
lactic dose of ‘ Bayer 206/ (0'005 gram). Thus after the lapse of seven months 
after treatment with ‘ Bayer 206 ' the experimental rats could not have had in their 
system any residue of the drug to prevent reinfection with the trypanosomes under 
investigation. The blood of aH the nineteen rats referred to, when tested for 
adhesion phenomenon, proved positive. It is Gonsidered that these white rats had 
developed a true immunity against the trypanosomes under investigation. All the 
strains of trypanosomes under investigation failed to infect the immunised white 
rats, and it is concluded that these strains whether from dogs, horses or cattle 
belong to the same group, viz,^ T. evmm [Steel, 1885]. The experiments are sum- 
marised in Protocol IV. 

In this connection some details of the history of the six white rats w-hicli 
.showed a break-down in immunity will be of interest : 

{«) White rat No, 626 was infected with a canine strain of; trypanosomes 
pn 16th February 1933, and treated with ‘ Bayer 205 " on 21st Pebru- 
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ary 1933. Eleven weeks after lecovery, it was reinfected with a 
canine strain (passage) to wMck it succumbed. 

(&) White rat No. 437 was infected with a bovine strain of trypanosomes on 
4th March 1933 and treated with ' Bayer 205 ' on 9tli March 1933. 
Two months and five days after treatment it was injected with the 
same canine strain (passage) as in the previous rat (No. 525). This 
rat also died after taking the infection. 

(c) White rat No. 485 was infected with a bovine strain of trypanosomes 

on 26th May 1933 and treated with ‘ Bayer 206 ' on 29th May 1933, 
Attempts to reinfect this rat, between 10th July 1933 and 18tli Sep- 
tember 1933 either with bovine or equine strains of trypanosomes^ 
failed, showing that it was immune to those strains. On 22nd Sep- 
tember 1933, four days after the last attempt at infection, it was 
again injected with an equine strain of trypanosomes q^assed through 
a dog (No. 627) to which it succumbed. 

(d) White rat No. 510 was infected with an equine strain on ISth August 

1933 and was treated with ‘ Bayer 206 ' on 22nd August 1933, 
Twenty-three days later it was injected with the same equine strain 


(cli White rat No. 659 was infected with a bovine strain and was treated 


and 16th January 1934 it was injected twice with an equine strain of 
ttypanosomes to which it resisted. On i6th January 1934 it was 
injected with an equine qiassage strain from guinea pig (No. 608) in 
which the trypanosomes had suddenly acquired an exalted virideuta-! 
and succumbed, 

(/) White rat No. 637 was infected on 16th Seq^tember 1933 with the 
n'^' relapse strain under passage in a guinea pig. It was treated on 
20th September 1933 w- ith ‘ Bayer 205 It was reinfected successfiilly 
with the equine strain from guinea pig (No. 608) mentioned ahov(i. 
'■.rhe interval between tlie time of treatment and reinfection was thus 
three mouths and 18 days and three months and 26 days respectively. 

From the above it seems that the first four rats, did not possess any resistance 
to a canine strain of trqrpanosomes, or to a strain passed through a dog and it is 
inferred that a strain of T. emnsi [Steel 1885], when passed through a dog. may 
become exalted in virulence and may produce the disease in white rats even tliotmli 
they possess a certain degree of immunity. That these white rats had some decree 


r 
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of immunity is assumed from the fact that, they resisted previous attempts to 
reinfect, while their Wood when tested gave a strongly positive adhesion phenomenon 
even to the day of last remfeetiom 

The history of the last two white rats appears to show that a strain of 
trypanosomes, whioh has heeome exalted in virulence for some unknown reason, 
has the power of breaking down experimentally induced immunity and of producing 
infection when. in|ected, into a suBCeptihle animal. 

The above findings also seem to show that in some animals acquired immunity 
may he overcome by certain strains of the same trypanosome depending upon the 
degree of virulence of the strain used and that ' Bayer 205'’ may. not protect white 
rats beyond three weeks. 

Adhesion phenomenon. 

The methods adopted in studying this phenomenon were as described by 
Taliaferro [1930], Davis and Brown [1927] and Duke and Wallace [1930] and a large 
number of tests were made with blood from experimental animals. W et prepara- 
tions were examined after 15 to 20 minutes. Three things were noticed in these 
preparations, m 2 !., (1) Agglomeration of trypanosomes, (2) adhesion of liatelets to 
trypanosomes, especially to their flagellae, and (3) adhesion of red blood cells in 
addition to platelets completely enveloping the trypanosomes, particularly in dogs^ 
blood. Agglomeration of trypanosomes was a constant feature even when relapse 
strains were tested with their original passage strains in white rats or other animals. 
From the uniform success of the very large number of tests in obtaining positive 
adhesion and agglomeration, with different strains, it is concluded that these strains 
are identical. It appears, therefore, that the strains of trypanosomes found in 
Southern India are identical, and further that the trypanosome in question is 
identical with T. 

It Js of interest that only in a few instances was slight deviation seen in the 
degree of the adhesion phenomenon between the original strain and its relapses. 

Reservoies oe surra. 

By a * reservoir ’ of surra, in the strictest sense of the term, it is meant that 
the disease is latent, so that the causal agent is carried over from one surra season 
to another in the system of an animal in apparently good health. Such an animal 
may not show trypanosomes in its blood, under the microscope, but it should be 
possible to demonstrate their presence by animal inoculation, during the non- surra 
season. 
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It is admitted, on all hands, that the surra season in India is between June 
and October, but sporadic cases have been known to occur during the so-called 
non-surra season. 

In the camel, we have an accredited "'reservoir’ of surra, because in that 
anunai surra runs a chronic course extending over a period of three years, 
liunctuated with frequent paroxysms, when T. emnsi is demonstrable under the 
microscope. Hence, wherever camels are found, it is easy to conceive, that 
diseased camels act as foci of outbreaks of surra in horses or other animals, provided 
the agent believed to mechanically transmit those trypanosomes are present at the 
time. From the available literature on trypanosomiasis in India, it is found that 
any work done on this disease, including the question of fixing the probable 
reservoirs, has been done only in Northern India where the well-known reservoir — 
the camel— is present. In the Madras Presidency there are no camels and the 
question of cattle and buffaloes being the reservoirs has to he examined. 

No work appears to have been done to find out if the wild animals which abound 
in India serve to bridge the gulf from one surra season to another and we have no 
knowledge of a real vector like the tse-tse fly in South Africa. Hence with a certain 

amount of reserve we draw onr own conclusions as to the possible reservoir-hosts 
of surra. 

Workers in Northern India have attempted to show that in a,ddition to the 
camel, cattle and buf aloes are likely to be carriers. 

Montgomery [1908] said that the virus of surra is found wherever the camel 
of Northern India abounds and there is a possibility of its existence wherever 
cattle and bufialoes exist, and until the contrary be proved all these inay be 
considered as the possible hosts of the trypanosome. He further said that the 
conditions under which hovines work render them less dangerous than camels as 
originators of the disease, and as a class not so important as store-houses. 

It may be pointed out here that in countries where camels — the admitted 
reservoirs — exist, the argument that such refractory animals as cattle also act 
as reservoirs appears to be of doubtful value, because the latter may have been 
infected from the camel and the infection may have caused death, or spontaneous 
recovery may have occurred wdthiu a few months. It is undoubtedly true that 
infected cattle showing trypanosomes in their blood, may, like all other animals, 
act as temporary foci of infection, but tliis does not prove that they really carry 
trypanosomes in their tissues from one surra season to another, to be the real ' 
reservoir hosts. 

In the months of January and Pehriiary 1931, it was possible to test, in the 
Madras Veterinary College Laboratory, the blood of 16 emaciated cart-bullocks 
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brouglit to the College Hospital for troatinent and of one calf experimentally 
inoculated with surra in September 1933. Many of rlicse bullocks came from places 
over 20 or 30 miles away and some of them came from near Saidapet, where surra 
is known to break out periodically. January and 'February werii the months 
chosen for these tests, because they are about tlu; middle of th(i so-called ■ non- 
surra " season. The blood of each was examined under tlie microscope and (Uich 
samjrle of blood was tested for adhesion phenomenon bc^fore iiijoGtion into wliite rats, 
each of which was injected with c.c. of blood intra.~perituneai]}\ Ihie residts arc 
noted in the following table 

Protocol V. 





(Serial No. 


No. of 
(jase sheet 


Remarks 


adhesion 
■ tost 


[egat 

#■> 

" n ■ 

99 

n 

99 

$9 

79 

99 

t9 

99 

9 » ■■ 

97 


1184 

mo 

1101 

1266 

1241 

1146 

1224 

1141 

1109 


P< 

Negative 

Positive 

Negative 

Doubtful 

■■ ■ « 

Negative 


Positive 


This calf is still 
under observa- 
tion and is 
negative to 
tests. 
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It may be seen that none of tliese Jiarbonred trypanosoines tliougli five 
showed a positive adhesion phenomenon and the history of experimental calf 
No. 1316, which had been kept in a fly proof stable, is of interest. This calf was 
injected on 4th September 1933 with an equine strain of trypanosomes, which 
appeared in its blood in large numbers from 7th September 1933 to 13th September 
1033. After this date its blood was negative under the microscope for trypano- 
somes but remained infective to white rats from 1.3th September 1933 to 13th 
November 1933 whether given subcutaneously or intraperitoneally. This animal is 
still negative at the time of writing (11 months from the date of primary 
iiioculation). The blood when tested for adhesion j)henomenon in the early periods 
was strongly positive ; but its strength has p)rogressively diminished and is now 
absent. The result of these observations, when compared with the positive ad- 
hesion tests of the other bullocks, may be interpreted to mean that tliosc animals 
had had trypanosomiasis during the so-called surra season, a few months before 
the tests and had recovered. The failure to infect white rats indicate that none 
of these animals had latent trypanosomiasis and were not reservoirs of surra, 
but before drawing conclusions it will be. of interest to discuss the observations 
of workers who hold that cattle and buffaloes are Idrely to act as reservoirs of 
surra between one and the next surra season. 

Lingard [1899 and 1907] observed that when cattle infected with surra 
devolo'j) the disease, many recover spontaneously and a few die showing pa.roxysms 
just as .in the horse, while the blood of those that recover becomes negative for 
trypausomes after the lapse of a few months to microscopical examination and to 
animal inoculation and remains so. 

Pease [1906] injected 3 buffaloes -with eanici sur.i“a. Two died in. the course 
of one and three months respectively a.nd the 3rd was lovpt under observation for 
786 clays, during which period he found its blood to be infeetive to dogs from time 
lo time. There is howe^^er one defect in this experiment in that the buffalo was 
ap})arent].y not pirotected from fresh infection. 

KSchien [J908] says that an ex])erimentidly infeeted l.uiifalo roiviained infect'ivc 
to laboratory animals for o months <mly. iSojue tinui lider lie. inbad-cd the same- 
imffalo snccessfiilly with surra aiud it remained infective, to animal inoculation, only 
for 4;( mo.nths from the time of second injection. This finding of Sebien contra- 
dicts what Pease had observed in India,. 

Gross and Patel [1922] injected camel surra, into buffaloes and found that they 
.neither lost condition nor did try])anosomcs appear in their blood ; their blood was 
found infective to animal inoculation only for 1 63 to 172 days after the pariniary 
infectio-U. The observations of tliesc workers arc in agreement with those of Bcliicn 
regarding the duration of the infective period in a bulfah.). 
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Edwards [1928] encountered outbreaks of surra among buffaloes maintained for 
serum production at Mulct-esar and % the systematic examination of tiie blood of 
infected animals, be found that in these trypanosomes persisted for some niontlis, 
relapsing iii relatively small numbers in the blood stream at relatively prolonged 
intervals.' Many of tbe naturally infected stock, therefore, appeared to be on the 
road to spontaneous recovery, which process in these animals is characterised by the 
recurrence of trypanosomes being xu'ogressively lessened and spaced by longer 
intervals. It is true that during such a period in thcrprogress of recovery from 
trypanosomiasis in bovines or buffaloes a concomittant attack of rinderpest is cap- 
able of accentuating a relapse of the trypanosomes. 

Erom these observations of Edwards it is clear that the trypanosomes may be 
made to relapse during the early phases of spontaneous recovery in cattle, but in 
the light of the observations of Lingard, Bchieii, Cross and ]:^iitei and our own, it 
seems that it is not possible to cause these trypanosomes to relapse in the later 
phases of recovery, thus resuscitation of trypanosomes in cattle seems possible only 
in the earlier phases of spontaneous recovery, unlike wliaf; ha])pens in piroplasmosis, 
in which disease the majority of the animals are known to rcuiiain in a state of 
premunition, perhaps for life. ■ 

Lingard [1906], discussing the periodical outbrealvS of surra in ponies in Bhu- 
giaghat, one of the stages on the road from Kathgodam to Nainital brewery, says, 
“In some cases the disease no doubt may be first disseminated through flies carry- 
ing bovine or buffalo blood to the equines on the road ; but this will not account 
for the first case of surra always appearing at one particular stable (Bliugiaghat) for 
the horses ran up 8 miles and continuously met bullock carts and military bullock 
trains one way or the otlier.'’^ He also remarks that when the old stable at Bhiigia- 
ghat was abandoned in favour of a new one, half a mile down the road, surra ceased 
to break out until the old stable was again occupied some time later. 

Holmes [1908] writing on the outbreak of surra in Bliugiaghat said that surra 
broke out eacb time at this halting place alone, and not at. the others, although near 
each halting place there existed a camping ground for bullock carts, et<j. In the 
Bhugiaghat stable the first case of surra appeared when tabanus liie.s wore becoming 
scarce. 

Leese [1908], who was deputed to investigate the outbreak at Bliugiaghat, said 
that he injected the blood of four apparently healthy bovines into experimental 
animals and found one among them infective to experimental animals. He, therefore, 
opined that the probable reservoirs of surra were cattle. 

The observations of these three workers suggest that though cattle and biting 
flies, believed to be the necessary factors to initiate an outbreak of surra in horses, 
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were present in eveiy stable on the tonga line on the road between Kathgodam and 
Nainital, yet surra appeared 
Another interestiDg feature 
removed, to a new stable at B1 
cornmo]! factors necessary wer 
in that area, surra 

that since cattle are liable to infection of 
by Leese in the locality, during an outbreak, does not form 


01 surra wnen tne ponies were 
y irom the old one,, though the 
Til us if cattle were tho reservoirs 
should have appeared in other stables as well, and it is suggested 
surra, the finding of one infective bullock 
. a logical basis to com 

elude that cattle were the reservoirs from which originated the outbreak among the 
horses at Bhugiaghat, and at that place alone. 

In trying to settle the question whether biting flies wore chiefly .responsible for 
the spread of surra, Leese [1909] chose Mohand, a locality well known as a surra 
zone where plenty of ponies died of surra, when a tonga service existed there. The 
condition of Mohand in connection with surra is best described in his own. words. 

“ The traffic in the rainy season has been insufficient for years liecause of the 
construction of a railway to Debra Dun ; the tonga service has l>een abandoned now 
for about eight years, and the bullock cart traffic in the surra season is very small 

indeed. The only equine trafiic is a drove or two daily of pack animals. Only the 
older inhabitants of Mohand know anything about surra', and although about ten 
pomes are kept by the viHagers and are constantly in contact with the milch cows 
and buffaloes of the village, no losses rains. This is interesting 

that owing to the scarcity of “ reservoirs of infection '' {i.e., cattle and buffialoes 
working through Mohand) the danger to local animals has been largely removed.” 

‘‘ Camels always leave this road from about the 15th May to October ; none axe 
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and also to infect otier liealtliy cattle at that time in tlie jn'eseiMu* of "biting flies 
tliere. In otlier words, tliere slionld liave been a few bovines there as surra reser- 
voirs, and these few should have naturally acted as so many foci, in the presence of 
the biting flies, from which the next generation of cattle or the new arrivals could 
be infected to become reservoirs of surra in their turn from one surra season, to 
another. : But it would appear from the observations of Leese that there were no 
reservoirs of surra at the time of Ms visit and no losses occurred among the village 
ponies. Even if cattle and buffaloes working through the village were limited, yet 
at least one among these might have been expected to have become a reservoir of 
surra, and one is as good as many, in the spread of the disease when so many biting 
flies prevailed there during the surra season. This scarcity of reservoirs, observed 
by Leese, casts a doubt on the theory of cattle being the re.servoirs of surra from 
one surra season to anotlier, since Mohand appears to have been an idesd |)lace for 
the formation of such reservoirs in working or milch cattle. 



Leese [1909] admits that in cattle the trypanosomes of surra are scanty in their 
blood or apparently absent from it, thus reducing the chances of mechanical trans- 
mission practically to nothing and this has been proved experimentally by Gross and 
Patel [1922] who foiind that if the number of trypanosomes in the blood of an 
animal was less than five per field mechanical transmission through, the {igency (.>f 
biting flies was not possible. 

Leese created in Mohand a limited outbreak of surra in bis (ixpi'rimontal 
animals which were kept only two furlongs away from tin', viiiagi^ from to 

the end of September, and he admitted that some of the village; cattle siraytMl neat 
the camp in spite of which the village ponies remained health}" thougli. th(,*sc mixed 
freely with the cattle. This he thought was due to the cattle remaining healthy, — 
an unlikely thing in the vicinhy of a focus of surra and during the full swing of the 
fly season. 

Fraser and Simmonds [1909] working in the Federated Malay Stati's, an muhunic 
area of surra, found that the blood of cattle whose tempera t3ur(* j‘emaitied m.tntial 
after an attack of surra, was non-infective to other expi.'rinienl al aiiijuals. Tltey 
also found that surra in bovine did not confer immunity af(i‘r r(‘c<.>N'ery. From this 
finding the jnesent authors deduce that recovered bovines an; iiot in a stab; of 
“ Premunitioii,''’ a condition which should be present if cattle and buffaloes do act 
as reservoirs o.f surra. 

In the fly belts of Africa, cattle appear to be in a state of premunition, as 
regards T . congolense and the lilce, because a cyclical development of these trypano- 
somes is known to occur in the tse-tse flies, the bites of which help to induce sitcli a 
condition in cattle making them earners of the disease. The conditions in India 
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are however not parellel and do not help ns to derive at a conciusion on the point 
at issue, as regards T. evansi and its reservoir, particularly in view of our presenfc 
limited knowledge of the “ mechanical ” vector concerned. 

Sower by [1911] eondilcted two series of experiments in Bombay to find out 
latent trypanosomiasis in buffaloes. He injected into guinea pigs one o.c. of blood 
from apparently healthy buffaloes slaughtered in Bandra. The first series of 
experiments were conducted in the 3rd week of April 1908 when he injected the 
blood of five buffaloes into guinea pigs, one of which developed trypanosomiasis in 
the middle of June, almost two months after the primary inoculation which appears 
to be an unusually long incubation period. In the second series, conducted from 
11th May to the 16th July 1911, he injected the blood of 44 biifialoes into as many 
guinea pigs among which three developed trypanosomiasis with an incubation period 
ranging from 3 to 4 weeks. These exj)erinieEts no doubt proved the possibility of 
buffaloes acting as reservoirs of surra, but it would apjjear that Sowerby had not 
satisfied himself that the buffaloes whose blood proved infective were not actually 
suffering from the disease at the time. In this connection, it is of interest to quote 
Lingard [1906] who observed that the first case of equine surra appeared in Bombay 
a few weeks after the onset of the monsoon (June and July) although sp)oradio cases 
occasionally occurred prior to that date in some portions of the province and it is 
suggested that Sowerby’s buffaloes may have been in the early phases of spoutane* 
ous recovery after a natural attack of srara and may not have been actual 
reservoirs. 

Gaiger in April 1911, conducted a few experiments to find out if cattle in the 
Piibjab acted as reservoirs of surra. He selected eight emsiciatod cattle from 
which he drew blood and injected it into rabbits. One among these developed 
surra after an incubation period of 9 days. This experiment suggests the possibility 
of latent trypanosomiasis in cattle, but it appears that Gaiger did not satisfy 
himself that that positive bovine was not in contact with surra camels which are 
common in that Province. 

From the above discussion it appears that, though some workers have shown 
the possibility of boviries and buffaloes having latent trypanosomiasis, there is no 
evidence to prove that their condition remains unchanged from one surra season to 
another. In countries where camels abound, cattle may get infected from them 
and this fact is liable to vitiate the results of experiments. 

It is well known that cattle are refractory to surra, comparatively speakings 
and that a large majority of them recover spontaneously but in these animals 
trypanosomes may be found for a few months, after which they appear to become 
negative to animal inoculation. Hence in the light of the experimental evidence of 
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tlic workers quoted above and of this laboratory, a doubt arises if cattle really act 
as agents in carrying trypanosomes of surra in their tissues from one surra season to 
the next. 

iSome workers claim to have discovered in bovines and buffaloes the so-called 
reservoirs of surra by infecting laboratory animals with a syringeful of blood which 
happened to be negative under the microscope at the time of testing. But this can- 
not be talicn as proved for the reasons already stated. In nature a biting fly wdll 
carry on its proboscis, only a minute fraction of a drop of infective blood, and in 
that quantity a comparatively large number of trypanoBomes must, as proved by 
Cross and Patel [1922], be present for successful infection. In the blood of cattle that 
have recovered there are very few trypanosomes, or none at all and it seems doubt- 
ful if they could carry the disease over from one surra season to aiiotlier. The question 
of the number of flies which feed on a bullock with latemt trypanosomiasis and 
immediately feeding on a healthy animal has also to be considered. TMs may be 
dealt with by quoting Gaiger [ 1911 ] who drew a few drops of blood of a camel bet- 
ween paroxysms and injected into horses with negative results. 

The present authors therefore agree with Montgomery [ 1908 ] that bovines are 
less dangerous than camels as foci of infection and inucli less important as store- 
houses and wish to add that more experimental evidence is neeikul to {*lass them as 
reservoirs of surra to bridge over the period from one suri’a seasem to auotlier. 
There is no evidence to show that game animals in India arc not reservoirs of surra 
and work in this direction appears to bo required. 



Mechanical transmission by tab an us. 

In Northern India, and in some other parts of the world, a few workers have 
shown that it is possible to mechanioaliy transmit snrru from one animal to anotlier 
through the agency of certain blood sucking flies. Prom the literature, available on 
this subject, it appears that there is hardly any stateimuit made, by one worker, 
regarding the power in mechanical transmission of any one fly. which is not eontra- 
dicted by another with experimental evidence. In spite of so much emiflieting 
experimental evidence, the power of the Tabanidae tc> act as meduinical carriers or 
transmitters is considered to be well established by many workers, particularly by 
Leese, who spent some time in India on this problem. In liis remarks on the out- 
break of surra in Bhiigiaghat stable in 1907, Leeso [ 1908 j said that the disease 
was discovered at a time when tabanus was certainly absent. Pie found that cessa- 
tion of the outbreak corresponded with the diminution in the number of stomoxys 
and also with the diminution in the number of blood marks caused by some 'unde- 
termined fly, which evidently bit all classes of animals and made no particular 
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generalisation that tabanidae are the main factor in the transmission of surra and 
more especially the cause of the first case in an ontbreak is inadmissible. There 
haYC been more nnsuccesBfnl experiments in transmission of surra with biting flies 
in a laboratory than Bnccessfnl ones, but none, excepting Gross and Patel [1922 ], 
seems to have explained the cause of the failures. At any rate siiccessfal transmis- 
sion does not explain how the first case occurred in an ontbreak especially in South 
India where the admitted reservoir, the camel, does not exist. The question there- 
fore arises why tabanus flies alone are to be looked upon as the most important ones 
concerned and not other biting flies. It has been proved by various workers that 
no cyclical development of T. emmi takes place in the tabanus, stoinoxys, haema- 
topota, eto.j and it has been shown that even in the absence of these flies outbreaks 
of surra are encountered. 

Patton [ 1909 ] described crithidia tabani in the gut contents of some of the 
tabanus flies caught by him. He doubted the existence of any connection between 
these crithidia with any hsemofiagellates and opined that new flies got infected with 
the post-flagellate stages passed in faeces on places wdiere they rested. While work- 
ing in Mesopotamia he found similar crithidia inhniidred per cent, of Tahanm gMm 
during an ontbreak of surra in camels in one of the camps. He observed that these 
gad flies fed on the dromoderies and in so doing they ejected a dark fluid from their 
alimentary tracts, sometimes pure blood, on to the skin and hair of the animals. 
This fluid he examined and found to contain crithidia and their ])ost-flagelIaie stages. 
The dromoderies were noticed to drive away the gad flies by li(;kiiig the areas where 
they were bitten and at each of such acts the material infected tlu'ir lips. It there- 
fore occurred to him that the trypanosomes found in the droniaderies may he hut a 
stage of the crithidia parasitic in the flies and that wdicn these crithidia. etc., came 
in contact} with the mucous membrane of the mouth, they ptuietrated it and entered 
the blood stream, to assume the trypanosome form. With this in vknv he applied 
to the mucous membrane of the month of two young camels t he gut contents of the 
tabanus, but he lost touch with these experimental animals owing to change in camp 
and the results are not known. 

In 1931 one of us (M. A. Kao) had ati opport.unity of visiting Kavoripa,kii{u, 
Eanipet, etc., where outbreaks of surra among poiiies liad beeji, observed periodi- 
cally for some years. A few cases of surra appeared in ponies in February 1931, and 
it was possible to visit the area in the month of May, when it was found that there 
were a very large number of tabanus flies present. Kaveripalcam in particular was 
full of these flies and within sixty minutes over 65 T. 5 1\ dikmieatm, 

2 T. virgo, a few lyperosia and stomoxys were collected. Most of the T, striuUifi were 
caught on the trunks of trees near which ponies and cattle were tethered. The 
people here have no stables for their pqmes and these are kept in the open under the 
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ingested bj tbe flies. The sources of infection in flies may l)e the post-fiagellate 
stage passed in faeces of flies as siiggested by Patton and Cragg [1913] or it may 
be irom the latex of certain plants as suggested by Davidson quoted by Warren 
[1932] with regard to the tsetse fly, or it may be from the blood of an animal 
containing hsemoflagellates. The necessity of blood for their development in the 
alimentary tract of Tabanus appears to suggest that there is some connection 
between these crithidia and a hsemoflagellate. Patton and Oragg [1913] said that 
there are two broods of tabanus flies in Qnindy (Madras). If this -were so, a certain 
number of months would elapse between the 1st and the 2iid brood, during which 
period no flies would he met with. Hence, even if the 1st brood had contaminated 
the blades of grass overhanging water or other places with the post-flagellate stages 
of the critliidia in their faeces, these could not have remained viable long enough 
under the conditions of heat, etc., in South India, nor could the blades of grass 
remain unaltered during the ijeriod. It therefore seems unlikely tliat the source 
of infection is from the faeces of the previous brood as suggested by Patton and 
Gragg. It is also unlikely that these flies pick up the infection from tlie latex 
of certain plants which become evident only after a feed on blood later. This 
remains to be proved. In any case, such a supposition seems improbable because 
no leptomonas or pixy tomonas have yet been seen in the female flies which 
had not fed on blood or in male flies which are sup])oscd to feed on juices of plants 
and fiow'ers. O'he negative results obtained Ixy xis after injecting the crithidia and 
their post-flagellate forms into experimental animals, suggest tliat these may not 
have any connection with surra. 

Old [1009] suggested that the ova or larvae of the tabanidae, eaten with grass 
might give rise to trypanosomiasis through a stage latent in them. This suggestion 
was tested during the present investigation by feeding a pony and a few white rats 
with ova of tabanus collected from grass on the banks of the Adyar river near 
Saidapet and Guindy (Madras) where surra breaks out periodically among ponies. 
The results of these experiments were negative. There is a belief amoiig people 
here that when ponies are fed with grass cut from the banks of streams they 
contract surra and die. This looks doubtful in the liglit of our observations and 
requires further verification. The experimental evidence detailed above 
confirms that no cyclical development of P. ew-nsi takes place in Tabjinus. Leese 
[1908] observed in Bikaner that when lypero.sm in plenty were biting camels, 
they rubbed against each other and the blood drawn out at the ])uuctnros. in an 
infected animal, may have infected similar punctures in the health}^ ones. The 
spread of the disease in Mesopotamia seen by Patton [1920], may have been due 
to such a thing which may have escaped his notice at the time and not by the 
ingestion of the faeces of the flies containing crithidia, etc., as suggested by him. 



OBSERVATIONS ON TEYFANOSOMEsS OE CATTLE IN SOUTH INDIA 


A graph of surra cases detected in. ponies brought for treat.iiient at the 
Eaiiipet Veterinary Hospital is appended (Fig. V.). A reference to this shows 


Positive eases of surra in ponies reeordecl at Eanipefe Veterinary Ifospital, li,)28 to 1032. 


Mote the absence of eases in the so-called surra soasoji. 


that no cases of surra ooGured during the so-called surra season and this coinci- 
des with the observations of Allen [1930] at the Mona Remount Depot. Henoe 
it would appear that tabamis flies need not be important vectors in natural 
outbreaks of surra in horses or other animals. Most workers in discussing the 
genesis of outbreaks of surra in animals appear to be satisfied in assuming the 
hypothesis that the trypanosomes were derived from a bovine,, buffalo or a 
camel by Ta.banus flies, but the experimental eYi.dence, if any, put forward 
by them is not convincing. It has been shown in the preceding pages that there 
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is not mixcli evidence to de&iitvl? prove tliat boviiies and liiiffaloes are the 
reservoirs of surra, at any rate in the Madras Ih-esklciiey, where eainels are absent., 
though there is tiie possil>ility of those animals being foci of infection in. the early 
phases of the disease in them. 


Protocol YL 

Bialement of occurrenm of trypa7iosomiaMS among ‘pirtiK producing etthjes. 


Konuirlis. 


March 
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1930.31, 1931.32. 1932-33 


■I 


some infection 

Percentage of Piroplasma 
infection . . . 20' 

Total number of calves 
used . ... 218 


0-7 0*3 2T 


15-0 17-0 17-0 


454 367 427 


The large trypanosome in the blood of bovines and buffaloes . ; (T. theihri 

/T.AVEKAN ■1P02).'' • ' 

In Nortliem India DniTant aiicl Holmes [1904] ap'peai’ to be the workers who 
first deseribed the large trypanosome in the blood of a bull and they observed that 
that bull had diarrhoea, intermittent fever, loss of appetite, staring coat and anseinia. 
Six days after the development of the symptoms, they found the animal dead. 

Lingard [1907] was the next who wu’ote on this giant trypanosome in the blood 
of cattle in Northern India and gave it difi’erent names, w.?., T. Jdm(dayamtm, T. 
wdienm, T. multemi, etc., which are now taken as synonyms to J. Laveran, 

[1902]. Lingard’ found them mostly in hill cattle injt^cted -witli rinderpest blood 
and not in the blood, of plains cattle or in untreated hill cjattlc. He observed 
urticarial envptions on the bodies of some of th<.isc that showed these trypano- 
somes. 

Yailadares [1908] found this trypanosome in tlie blood of a Kellorc-'bred bull 
in the Madras Presidency and recorded the symptoms lui observed in this case. 
It had fever, urticarial eru’ption on body, was oil; its feed, (lull, listless and exhibited 
a tendency to lie dowri in preference to being on its feet. The sX)ine was arched, 
and the animal ivas severely constipated. It died within a couple of days after it 
came under observation. Yailadares considered that the death of the animal in 
all probability was due to T. theihri because of the absence of piroplasma in its 
blood..;' ■ 
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Pease 1' 1908] doubted wlieilier ,T. ihcilm ^ave rise to any disease iti cattle 
because it appeared to him from invcstiiLUions atifl enquiries tliat- tliat trypiuiosonie 

is fairly common amotigst cattle and IvuflVdoes. atid tile true ludure of the disease 

caused by it is diilicultio decide. Howtuby bad sbov/n Ibnise tiypanosoines identi- 
cal with T. thaihrl in t-lie. blood smeiirs eif buffaloes that were dying in Bombay but. 
unfortunately no symptoms of tltese cases were rec'orded. 

Ill December ][)3U. a bull (Dngule breed) ])(‘louging (u flie '.Madirts Corporation 
was reported sick some time after sr-nuu-viras imdbod of itHH-alat ion. Tim blood 
smears revealed a very large juiinl/e!; of 7'. b/ede/v (Blaie XXX. Fig. 1) and the 
animal died with symptoms similar to piroplafunosis. Tlauv we.re tio piroplasma 
ill the blood smears nor did the Idood of this bull produce piroplasmosis in two 
experimental calves into wdiieii it ivas inj(H*ied. The cxqieriintmtal calves slmwed 
T. llieihri in their blood for a. foiv days and then Ihe, orgaiusnis disa/p}>i‘ared. The 
bull showed symptoms exactly similar to thos(' <lescrthe<l by ^'a,lla dares. It- would 
appear therefore that under certain conditions, which we do not know deiinif-ely, 
these trypanosomes cause d<ad;h. in cattle. It is of interest that other bulls and 
bullocks that were with this animai in the sick line, did not show any ihiuieri 
in their blood, though large, nuinimrs of stomo.xys flies wiuo ]>resent in the shed. 
Some of the stomoxys caught in the shed showed a large mimlx^r of these try|,>ano- 
somes in their gut (Plato XXX. Fig. 2 and Plate XXXL Fig. T). tSome of these 
flies were kept alive for over a wutek and dissected. Only in a- very hnv flies, w’cll 
preserved but apparently dead trypanosomes wi're- found. There werrj no develop- 
mental forms such as critliidia, etc., in tlmni. 

The finding of 'f. iheikri in the bh>od of that bnll gave an o])XX)rtunit.y to study 
the parasites in blood smears and also in cultures. Cultures were successfully 
obtained in blood and glucose broth, N X X" medium and alst* in Ray's medium 
wbich he used for culturing Leislimania. lu all these media critliidia and leish- 
mania forms were met with. The growl li ap])eared as a white or dull grey speck 
on the surface of the blood cells in blood broth mixture and as dull white scales on 
the Ray’s medium. There were present more of (he leislimania forms on Ray's 
medium than in the fluid media or coudensatinn wader of X .X X .luediiun. in ■whicli 
mostly the crithidia forms xircvailecb 

The study of the crlihidial forms showed that tliey resombh'd the ones found in 
tabamis flies — 0. tektnf Patton, 1909. The. dimonsions varied from 12 to 4d p. in 
length and 2 to 6 p in width. Multipliiiation in rosette formation was also fairly 
common in the culture media. The leislimania forms wore fairly large. 4 to G p in 
diameter (Fig. 3, Plate XXXI). It is interesting to find hhat the curves 
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Pig. 1. T. theileri. 
Blood smear of bullock. 


Fig. 2, Smears of blood from the mid gut of 
sfcomoxi^s soon after feed. 


’tfpf 


'. 3. T, theileri, 
Blood agar. 


Fig. 4. T. llieihri. 
Culture ill blood broth. 





.plate xxxi: 


.Fig. 2. T. Iheikn. 
Orithidia. Oiilture in bIr.H:id brwtli, 


Fig. 1. T.tlieileri, 

Bunch, of orithidia— Blood broth, 


Fig. 3. T. theileri, large. 
Leiahmauia forms dividing 
(Blood agar. ) 


Fig. 4. Section of mid gut of stomosys. 
Seven days after feed. 
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cultural changes lepregentv tlie true developmental cycle, tlion idierc; a.i)|:)ears to he 
some relationship between critMdm lahmd nrul the ciiltiirn! forms of "f. ihmlmi. 

Holler [1916] coiichicled that CfUkiMa rndyniaia. 1901. from tlio gut, of 

S^abamis glmwopk is the, dewlopmental form of T. fheih-n. 'Wtmyoii [1926] sug- 
gests that if is the iiLsect phase ol; T. tlwUm. the other similar 

flagellates of tahaiiidae and their allies may also he the devo!<')piiierital form of the 
trypanosomes. Holler [192“)] a.p]')t‘ars to Inive esfcahlisliod li’l- identity in the case 
of crithidia from HamaUrpoki jdurufld. He injected eleuu cahes with ciiltiireB of 
flagellates of that fly and recover'd T. iJmilefi m tlse blood cultures of those calves. 
We have said ahove that wo injected coithidia hornfl inJalmiius tiins caught in 
Kaveripabrm. into calves w’ith neg!iti\-e resiilts. In rnAure, if cattle are to get 
infected with fheilm. it shoiil<rht; with dtwehnaionual hniiis directly from an 
insect vector. Since the nietliod eniphn-ed by us is (Hroei from ih* ilv to the calf 
through the ncefllc, as done ly H^Hur, it is not. (nnhav-osofl uity onr 
failed to producie T. tlivihrl in tlu^. calves. Due caJf was tirenthed with the 
erithidial forms of T. fhcilcri in cuflun;. Evou this calf failed to .dtow fho trypaiio- 
somes in hlood cultures made from it. 

During the past three years it has Imjcii possible io (;ul1 ore blood of over 
200 virus produeiiig calves, and the. blood of only orui calf t-howed the cultural 
forms of ilidlcri. In one calf recently. T. Jlmlen was .sc'cn ii) ifs blood in fairly 
large numbers a few hours before it dio.d of rinderpest. 

In this Lahoratoiy during the year 1928-29, T. flmkri has licen recorded in the 
blood of a few calves used lor rinderpest virus production, ijj a t^ow in a dairy at 
Coonoor and a calf at WaclajiapalliUlao and Ayyar, 1931]. Tlie Idood culture 
experiments show that an extremely small perceiit.ago. of animals show T. thelien 
and it may he said that those parasites are not oonnmniiy found in bo vines, 
though it is possible that the regional distribution is wide. (Hn- <‘XperimentaI work 
also shows that it is doubtful if C. tuha it Uiiwe. imy relation to 7\ fhikrl. 


SUMMAllY. 

Experimental evidence shows that the smaller trypa-nosomes fount { in cattle, 
dogs and ponies in S. India are identical with T. evtwd. 

The small trypanosomes found in cattle are patliogenic lo horsert wiicn moesu- 
lated to them. 

There appears to be little experimental evidence to pro\ e that cattle and 
buffaloes form reservoir hosts of 1\ evansi. 





OBSERVATIONS ON TRYPANOSOMES OP CATTE IN SOUTIt INDIA. 

. T. Iheilefi m ocoasioualiy met with in tin; 'blood of cattle in Soutli India. 

The morphology of the cultural form of T. llmlcri appears to bo ideiith 
the forms met with in the gut of 2\ iJiGilen, but the identity could not be go 
by aniiual inoculation. 

AokmuMgmmi^. 'It is our pleasant duty to thank Mr. P. T. Sa 
M.R.C.'V.S., Director of Yeterinary Services. Jifadras, for oiitaininu- s 
of funds to conduct experiments ; and to Mr. T. d. Hurley, M.R.C.V.S., D. 
for the facilities given to us. Our thanks are due to Mr. S. K. Sen, Protozo 
Muktesar, for the help in getting at some references and to Mr. K. Kylai 
Supermtendent; The Serum Institute,, Madras, for making it possible fo 
obtain blood from virus pinducers for oultiiral tests. Our thanks are also . 
tlie College Artist, Mr. P. Doraiswamy Mudaliar for the illustrations made for 
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id .Soptember'1933 
piiiie Strain original 
from Bog, SS?,' 

(4 day.-}.) 



Bate of 7t!i 
reinfection and 
Strain ; No. of 
days after last 
reinfection. 


Bate of 8th 
reinfection and 
Strain ; No. of 
days after last 
reinfection. 


Bate of 0th 
reinfection and 
Strain ;No. of 
days after last 
reinfection. 


Eesnlt. 


Besalt, 


Result. 


loth October 1983 
Ec[uine Strain Eelapse 
from Dog, 527 (W, 
B,., 562). 

(19 daj's.) 


30th October 1933 
Bovine Strain from 
Pony, 519, Massive 
dose. 

(20 days.) 


Died due to other causes 
on 6th November 1933. 
Eecelved 1 o.c. of Oleum 
Olivae intraperitoneally 
on 26th August 1988 wlUi 
an attempt to break 
down the immunity. 


causes on 23rd September 1934. 


22nd September 193.3 
Equine Strain original 
from Dog, 527. 

(4 days.) 


causes on 1st October! 983. 


22nd September 1933 
Equine Strain original 
from Dog, 527. 

(4 days.) 


+ivo. 


causes on 30th September 1933. 


luses on 3th December 1933. 
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an appaeatub por collecting urine .op , bullocks at 

^ WORK. 


Agncultiifd Cliemuf io Government, Pmjah, Lyallpur. 
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TIh* a|>]tm\'iin;(<(‘l 7 \i*r('!(‘al Biota] beam ' A ' is bent roughly at a, right angle a!< 
its hnv(‘r tU'l anti slales inio a groove on the lower surface of a iiieta] tray, 

Fitting into this luotal lr:iy ' F ’ are two metal boxes • C ' and ■’ D at the lovTer 
tnnls itj whiitli art* two Itrass ^irojoot.ioiis '' E ' and ' F ’ which pass through holes in 
tin* supjitnl ing tray " M . and wltioh eniiho closed by rubber stoppers. At the toj> 
of f'ucli of tliosi* tvtt hoxt's then* is an orifice shown at ■' G ’ into which a brass tube 
'(t-'ll ’ lits. Fret* ('irviihir mttvt'iiiont is ])(*nuitted to the, tube ‘ G-II ’ round the. 
orilit't' ' (t . t!;(* tube lioing [M’t'ventotl from travelling on to the to]) of the main 
■t(‘(‘(‘]ttacb‘ by moans of a small ilauge shown at ‘ ISf At the position ‘11 there is 
a ■ ground-] n- joint ■' by means of which the tube ‘H-I" can be removed, 
and by means of whieh also full play is ]>t'riniti(*d according to the movement of the 
bullock, the arm ‘ TI-I ' being capable of a free circular movement. The joints at 
‘ G b and ‘ H ’ are, therefore, flexible and I'lcrmit the whole of tins arm from ‘ G to 
‘ I ’ as a wliole to move round an arc or each part of the arm separately. In order 
to increase the play of this arm bullock moves round corners and in order 

to bring back the arm ‘ G-H ' as the biilioidv returns to its position parallel to the 
l,)eam of the plougli a rubber strip ‘ J-K '* is attached as shown. 

The urine bags attached to the sheaths of the. bullocks liave short rubber tubes 
attached to them (Plate XXXIV) and these in turn are attached at their 
distant ends to the brass tubes at “I."' Each of the two boxes which are placed in 
the tray has a. capacity of 4 litres, and when the bullock urinates, urine passes 
directly the the path ‘IHJG’ into the box and can be 

removed at convenieht intervals by taking out the rubber stoppers at ‘ E ’ and ‘F k 
The brass tubes are niclded inside to prevent rusting, ‘M" and ‘lA are air holes. 
It will be seen that when the bullock is walking close to the beam of the plough the 
brass tube from G ' to ‘H! ’ is parallel with the animal’s body, and as the bullock 
moves away from the beam the combination of joints at ‘ G ’ and ’' H ’ together with 
the rubber bands tend to take this tube at right angles to the animal’s body, ^ 

The apparatus ■works with complete satisfaction, it is very light and neither 
interferes with the work of the bullooks nor touches the ground . Urine does not 
collect in the sheath bag, bifl is immediately conduoted to the receptacle without 
^loss through, leakage. or splashing. y,' f;, 

Tlu) dung is collected during the course of work in the usual water proof bags as 
shown in tlie Plate XXXIV. 


! 
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A CASE OF MONSTER AT THE GOVERNMENT CATTLE FiARM, 

HISSAR. 

BY 

S. M. A. SHAH, M.R.C.V.S./ : 

Block, Gomnm'mt Call^e Farm/Eunttf. 

{l:kM?eiwl foi\|)ui)1ieation oil 20th BepttHuk-r HS4.) 

(With Kates XXXV mid XXX W.) 

Tlie term ‘‘ monster “ monstrosity or hisns naturae, is applied to a eieatiire 
wliioli presents some serious anomaly or organic deviation in form or structure, or 
both, in one, or more parts of tlie l)ody. 

Origin OF MONSTROSITIES. 

In ancient times the apjiearance of monstrosities were ascribed to the influence 
of enraged gods, and they were regarded with fear and horror ; or they were looked 
upon as prodigies or freaks of nature, and described as marvels or curiosities. The 
opinion which at present prevails with respect to these malfomiations is to the effect 
that the embryo or foetus has been submitted to some kind of alteration in utero. 
and that this has been produced during the interval between conception and birth. 

Meckel and others have shown the striking analogy there exists between many 
anomalies and various transitory conditions of embryonic organization. Baint 
Hilaire has proved experimentally, by means of eggs artificially li!dcln*<!. that' the 
production of monstrosities is dvie to the ijiterruptio]i or accidmvtid susjjcusion of 
development which had commenced in a regular manner. 

Frequency OF MONSTROSITIES. 

Gurlt gives the following lisk; of 740 monstrosities showing the jiroportion in 
each species : cow 2&t), eive 179, sow 87, bitch 78, cat 71, mare 56. goat 24. mule 3. 
ass 3, Saint Cyr in 71 instances found 46 calves, 30 lambs and kitls. 4 ])igs, 4 
kittens, 3. puppy, 3 foal. Baumeister and Euelf ment.ion that in the king of 
Wurtemberg s private stud, of 2,340 foals protluced, tliere were only 9 m<.uist.ro.sities. 
' In the Hohenheim dairies, among the cows the mon.stro.sitics were only onc-half per 
, cent ; and among shoe]) one in 708. 

At the Government Cattle Farm, llissar, since 17t.h May, 3933. out. of l,r>74 
calvings this is the only case that lias been observed. The pe.digrec, and breeding 
history of this cow along with her sister No. 79-H-2/1 is att,ach(5fi. The bree'diiig 
history of her motlicr No. 296 H 4/10 is also attached . 

History. 

Cow No. 265 TT 2-/25 was brought to the hospital on the nioruing of 7t.li dmie 
1934. She was showing all the symptoms of a case ol dystokia, Oji examination (,he 
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Produce N<». 7U'1I'2/1 


(4) F. Produce IiJo. 248-xi-4/*< 
(6) F, Frodnee No, 365'fl"2/2 


A. CASE Of MOMBTIE AT THE HISSAR OATTIiB fAEM;.; 


lortiw oxliiTiitel tWsli and croup presentation. Tire cow — 
expired after a few liouis and on post mortem a monster was foiuid m 


Description OP THE MONSTER. 

l>ocly of tlie Bionstei consisted ^ 

t ! *' 4 w<n-e seen The dermal coat was not .fully deveiopea. 

hesviind thettn^atchy 1.1 dflie. mnsGlcs 


;:, ;;:,z:; t: z — — . ..... — “Z “r5 

“• -'T z‘ - z;i“. 


vsemldsl the shape ol; a min aog s nt-ctu tevtnre. On the 

of tlie cranium were noting ossimd deak coat was 

cranium there was J t^or-like in appearance. The ears 

missmg. lie ‘^5*’ ‘ . .ppe m,so was pTominent, broad and massreo, giTmg 

were long, broad .md fe J ■ 1 ^ ^ missing with 

the appearance of a hull imperfectly developed prote^^^ 

two rudimentary teeth hangi g. ■ „ ™ii marked tooth. The chat.aotenstic 

i„g forward under the upper paw, w* ^ were rounded and 

“ m:r: 

flm -fiTOf t<ase of the disease recorded there, . i . 

the msti i ase ui -wvdr o.ul XXXVD wore taken 

Two ihotographs of the monster (H. XXS. and XAAVi) w 

1. Fidlkody. 

2 . Head. 


Cow No. 295-4/10 gave the 

(1) Fr rrnduco No. ir»0-H-d/7 

(2) li’. Proilucio No. 107-11-3; 9 • 


following female stock— 

-Died of B. Q. on 2l8fc NovcniBoi 192R 

Sho was transferred to COW'S in 22ria Nov- 
‘ ’ * embor 1922 and was sold to R. M. Fam 

Dad Khan on 27tb February 1024 ^Vltboub 
giving birth to any calf. 

. Showastomterodto cows 

bor 1924 and was auctioned on Jth Apn 
1934. Her pedigree sheet and breed ms- 

tory are enclosed. 

Sold to a zamindar of Aint ilsar 1 listriot on 
14tb January 1926. 

She was transferred to cows on 21st May 
* * * 1928, Her pedigree as Well as breeding 

history are enclosed. 

N i 





Malo 

Feiiialc 

]Male 

Mule 

Female 

Male 

Male 


21st May 11)25 ' 

18tli N'ovoiribcr 

1921) . 

7tli Jauuary 1928 . 

14fch Isuvoinbci' 

1928 . 

24tli .Tunc 1990 

22iui Novcinlicr 

1931 , 

27th February 1933 


t56-H-2,7 

ios-n-2,n 

465-R-4/7 . 

334-11 3/5 
48<IL A.-1/(J 


1). II Lahore on 16tb 
N OA'ember 1928. 


'lo CowH on lUlli 
October 1929. 


l>je<I of Navel ill 
on lltb January 
192,8. 


I). F>. Gnrgaon on 9th 
November li)33. 


To Cows on olnt May 
1933. 


1). B. Delhi on 19th 
March 193-li‘ 
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Breeding hl^lori} of cow A^o. 2S5~2j,~i} 


Brandfi of Ihe call. 


DisiHisal of the e.ulf 


Served by Bull cf calving. 

■■ No.' 


Brand Farm Ago 

No, Brand. Brand. 


nth Detrcniber 
le-jg , . . Female 


iTansferred to eowa 
on ist January 1932. 


335-1I4;U 


;-0 D. B. Amritsar on 
18th July 1933. 


2 nd July 1930 . Male 




7t h JniiG * ilale 


250-11-3/ 0 


Breeding hishrii of cum No. i9-U-2j2J. 


Brands of the call. 


Disposal of the calt 


_ , „ , . Sex of 

Date of calving 


Brand Farm Ago 
No. Brand. Brand. 


Served Iiy 
Bull No. 






54-H4/02. 


Buli. 

€o\v. 


Government Cattle Farm, Hissar. 

Pedigree form. 

No. 255-H-2/25. Name . Date of B irtL—lltli April lU2i1. Colour—Giey. 


A CASE OF MONSTER AT THE HISSAR CATTLE FARM 


Bull. 

Cow. 

Calf. 


Government Cattle Farm, Hissar. 

Pedigree Fonn 

No. 79-H-2/i, Name . Dateof Birth.“3rdJuuo 1921. Colour 

Lactation yields. 

Bam. Sire. 











ABSTRACTS 



FUtraWe Virus Carrieis. Gibes, 0. S. J. Bis. 53, 10l)-174. (11)33). 

T’rom the data collected personalty in Clihia and in the United States of America, representing tlie 
eulniination of 12 years of field observations, inspection of meat, post-mortem examination and lalior- 
atory stndies, the author records the conclusion that chronic carriers of the liltrable viruses arc realities 
and not merely possibilities. The article relates to hog cholera, infectious laryngo-traeheaitis of poultry 
and rinderpest, and it is claimed that virus-carriers have been identified by laboratory test.s and not 

merely as possibilities through ffi posierion reasoning 

HogGhokra. In ' runt ’ hogs which had passed through the disease longtime ago, maximum 
period being 94 days, certain button -like ulcers on the gastric and intestinal mucous membranes wore 
found at autopsy, and normal animals were free from these lesions. Active lesions from the largo intes- 
tine, showing the diphtheritic and typical appearance, of hog cholera, and being relatively free from 
secondary micro-organisms, were chosen. The material was ground with sterile sand in sterile mortars, 
and the coarse particles ineluding sand were removed by filtration. Sul>cutancous inoculation into 
12 healthy and unexposed pigs, 4 weeks old, was made, and of those ten clcvolopod the disease. Carrier 
cases showed an uncertain appetite, persistent diarrhoea followed by emaciation and stunted appearance. 
Of the 261 hogs examined, five of six suspected carriere -were proved to harbour the virus. 

Itiifections Laryngo-trachmitis, Details are given of how the swabs from the trachea of suspected 
carriers w'ere employed to infect susceptible chicken, the disease being readily reproduced in the majority 
of cases. 

RindeTiKst, By an arrangement wdlh a butcher tissues were collected from seven cases out of 200 
cattle, in which the chronic carrier stage wns suspected. Pylorio ulcers were triturated in sterile salhio 
solution and inoculated into susceptible calves 6 weeks old. Pour of the seven cattle were thus proved 
to bo carriers, up to 177 days after recovery from all outward appearances of the tlisenso. In the 
author’s, experience chronic carriers of rinderpest enjoyed good health and passed as sontid animals in 
the market* 

This article has been written in the belief that no careful investigation had hitherto boon made tC' 
prove the existence of carrier.? of the common filtrablo virus diseases. (Cf. Jwd. J. Fef. 
1932,8,367-382) [S. D.J 

(1) Experimental Studies of post-mortem bacterial invasion in animals, Bubn, 0. G* 

J. Infect. Bis. 54, 388-391 (10?4). 

(2) Eost-mortem bacteriology, J. Infect, Bis. 54, 395-103. 

To evaluate the results of cultural examination upon tissues and organs at autopsy, and to liiid out. 
the relative iniporfcanec of factors governing the typos of bacteria and tlu'ir spread through the iiody 
after death, the author experimentally inoculated suspensions of B. coU and Staphylococci into the 
various tissues and body cavities (pleural cavity, oral cavity, intebtines subeut tissues) of healthy 
guineapigs and rabbits, killed by cardiac puncture, and attempts were then mado to isolate the bacteria 
from the mternal organs after keeping the animals at various temperatures for different periods. The 
experiments were controlled by observations on animals into which no bacteria were injected, the 
conditions of the experiment being otherwise similar. 

( m ) 
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h r.ili ,i;i I <i ■ •/ w<n'Q eliami since these organisms •were the most freq^uent organising to be 

'iiihtC'.l fi’iini hniiirn !» s-it-ui irteai mifceriaL Strains of other organisms injected in oveiwhelmingly 

ijtiautii i‘-, -i- 1 only nogafcire results oven though special oiJportnnity, incresisod temiicrature, 

oto,, was given to ii!‘i th 1 mvasion. The failure of sttiphylomixi to invade within five hours, in contrast 
to {!io juvnaion td B. ruli witluu the s iitts period, illustrated the difference in. growth response of different 
jJi.ils t>i I'iu-lorin in the environment. Th© experiments showed that the organisms found in the 
fir.u.ehi and iuieJs reaeli tliere from the mouth through the trachea. Anaerobic sfioro forming bacillus, 
i.f'., i i. li-as been siiown to ba capable of ponctiutiag tlio mneosai lining of tlio ill! estiiic, uud 

till* iS' inti' ai I'i ( orcaiiisiu indleates the intestines to bo the probable source, whuroas llu' a.t‘i’td)io 
/tii'i i iiH'! //. failed iu invade the intact membranes of the respiratory and intestinal (raet.s. 

i-i .In the sei u(id aifiele data have been lU'esonted to show (a) that the lungs, kidneys, liver, spleen 
ami heart Miiod gave fiv.jueucy of growths in the order named, (b) th&i B. coli and nia})7njh>cuci'i, 
pivi'fiCi’s hoi’/iui fiiolytiais ‘Mid QL WdcMi &VQ tho most frequently isolated strains, while the other 
tyiK‘,H isohiled are g m 'rally as=i.e,iii:ib3i with dis'3as3 processes in the body. 

ffiu’fclier information as to the principles governing the iii’iltiplioation of bacteria in tho tis-sues after 
death, such :i3 autolyfcie and P/f oh luges, are promised in a 3ub3Q:)ueut paper. [S. B,] 


Histologies! e’danges ia the Ceatral nervous system tollcwing eauine encephalo- 
myelitis. ( Wifeli two plates) Larsell, 0., Earring, 0. N., and Meyer K. F. 
Em. J. M. 10, 381-373. (1934). 

, Tho biMia and spinal oord of 8 horses, infacteii with eneephalo-myelitis virus by contact or by 
oxperitnent.al inoeulatian Wore studied histologically, and the most constant lesion was found to bo 
periviiseular iiuffs containing lyphocytos, polymorphs and monocytes. Nerve cells in the neighbourhood 
of blood ve.s8o!a slum'ed more oxtensive degeneration than elsewhere, .suggesting that the virus is 
couveyod ia the vessels or along their sheaths. Experimentally infected guinea pigs and viriis-affectrd 
human beings also slwAVod the perivascular infiltration. Of the controls, however, three horocs, which 
sjiec'UinlKid t« sepsis, and another which Was destroyed, failed to show tho perivascular re-action. 

The virus infected animals revealed inclusions in numerous nerve cells. In an apparently .norm, il 
horse of 12 years of age, and in 3 others that died of sepsis, the cell inclusions were piraeut in snudl 
numbers only. The author therefore concludes that in any case the pathological effect of encophald- 
myelitis aiqiears to have increased the number of cell inclusions. The teehniquo empI(.yod lias luicn 
dCMTibed in detail. [S. I).]. 


fhaeliemistoy ana pharmacology o! Lathyras peas. Stockman, R. :L Jim. 

34, 145-153. (1934). 


Previous work slmwcd that the svmptoms of lathyrism in man and annuals are due to salts 
of an mhl coafcaine I in the ]mas, indepeadcutly of any defioienoy condition. Detailed account of the 

chmiiatry of llui peas, and of tho toxic actions of organic and inorganic salts prepared from them are 

now given. The results given in this article have a wide and general bearing since the toxic principle, 
acid salts of plnjlic acid, have been recovered from all cereal and leguminous seeds. 


The general conolusion is that when given orally tho poisonous organic pho,sphate9 contamet m 
tliepcus are resolved by the bacterial flora of the bowels into tho much less toxic inorganic alkalme 
phosphates. When tho animal’s system fails to dispose effectively of fuither quantities, ioxie cffccLs 
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ABSTRACTS 


FiitraWe ViimCameis. Gibbs, 0. S. J. IwfecL l)is*. 53, 160-174. (19?>S). f 

From tlie data collected personally in China and in the United States of America, representing tlie i 

eulinination of 12 years of fidd observations, inspection of meat, post-niortom examinatioir and lahox'- 
at ory studies, the author records the conclusion that olirouic carriers of the. filtrablo virusos are realities * 

and not merely possibilities. The article relates to hog chohin, infectious laryngo-tracheaitis of poultry 
and rinciorpest, and it is claimed that virus-carriers have been identified by laboratory tests and not 

merely as possibilities throtigh a reasoning ; — ■ 

Bog Cholera. In ‘runt’ hogs which had passed through the disease longtime ago, maximum i 

period being 94 days, certain button -like ulcers on the gastric and intestinal mucous membranes were a 

found at autopsy, ami normal animals were free from these lesions. Active lesions from the largo intes- J 

tino, showing the dipiitheritk? and tj'pical appearance of hog cholera, and being ivdatively free from 
secondary micro-organisms, were chosen. The material was ground with sterile sand iti steiilc mortars, 
and the coarse particles including sand were removed by filtration. Suboutancous inocnktioji into il 

12 healthy and iinexptoscd pigs, 4 wrecks old, was made, and of those ton developed the disease. Carrier | 

cases showed an uncertain appetite, persistent diarrhma followed by emaciation and stunted appearance. I 

Of the 261 hogs examined, five of six suspected carriers were proved to harbour the virus. I 

Infectious Larynga-tracTieaUis. Details are given of how the swabs from the trachea of suspected 
carriers were employed to infect susceptible, chicken, the disease being readily reproduced in the majority 
of cases. 

Binderpest. By an arrangement with a butcher tissues were collected from seven cases out of 200 
cattle, in which tho chronic carrier stage w.as suspected. Pyloric ulcers W'cre triturated in sterile salino 
solution and inoculated into snsceptiblo calves 6 weeks old. Pour of the seven cattle w'erc thus proved 
to be carriers, upto 277 days after recovery from all outward appearances of the disoaso. In the 
author’s, cxporienco clironio carriers of rinderpest enjoyed good health and passed as sound animals in 
tho market. 

This article has been ■written in the belief that no careful investigation had hitherto been made t'C* 
prove the oxistcnco of carriers of the common filtrablc vinis diseases. (C£. Ind. J. Vet. Sc. diiL Ilud^. 

1932, g, 357-382) [S. ».] 

(1) Esiperiraental Studies o£ post-mortem bacterial invasion in animals. Burn, 0. G. 

J. Infect. Dis. 54, 388-391 (1934). 


(2) Post-mortem bacteriology, J. Infect. Dis. 54, 393-403, 


To evaluate the results of cultural examination upon tissues and organs ut autopsy, and to Und out 





tho relative importance of factors governing tho types of bacteria end their spread, through the body 
after death, the author experimentally inoculated suspensions of B, coli and SUqihiJlQCOcci into the 
various tissues and body cavities (pleural cavity, oral cavity, intestines subeut tissues) of healthy 
guineapigs and rabbits, killed by cardiac puncture, and attempts wore then made to isolate the bacteria 
from the internal organs after keeping the animals at various temperatures for different periods. Tho 
experiments -were controlled by observations on animals into which no bacteria were injected, tho 
conditions of tho experiment being otherwise similar. 
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jf? ;ia I wore olmon isiuoo tliuse orgamsms wore tlie most frequent orgamsms to , 

lio’ate'l froiu luiuiui in-it-marteiu mtlerial. Straius of other organisms injected in OTeiTtfWwNj 

laigf^ quantiCos, prudma' l only uugative results fu'en though special opportunity, inerensed tempecaiine, 

( w., n'tis given to aid Ih ; invasion. The i'tiiiare of staphylomcci to invade within five hours, in contras ' 
to llie invasion of I'fdf within the sune period, illustrated the difference in growth resxjoiise of difleren^ 
kinds of bacit-rin in the cnvifoninent. The experiments showed that the organisms found in t ^- 
lironeiii and lungs reaeh therefrom the mouth through the trachea. Anaerobic sporeforming haod 
( .f'., ( '/. Ii'( /'‘/(I’d has heeu shown to be cap ilde, of i»euetrating the mucosal lining of the intestine, an*- 
the isolation i-f this organism indicates the intc-stines to be the probable source, Whereas the iioro no 
rooi-i aii.l /;. (•"// failed to invade the intaet. nioiulirunes of the respiratory and iutestiual tracts. 

(2) In the .'^oeoiid article data have been xiresented to show (a) that the lungs, kidneys, liver, 
and heart blood gave frequency of growths in the order named, (6) that i?. co/i 
.s/np/oforri muihaamvhjtkm and Cl. Wdaili are the most frequently isolated strains, while the o 

lyjies wolated are generally assoditJ-l with disease processes in the body. 

Further information as to the principles governing the m'lltiplication of bacteria in the tissues after 
death, such as aulolytie, and kll chiuges, are promised in a subsequent xiaper. [S. I).] 

Hiiltalogical c’i.afi,:?e3 in the Central nervous system following eauine encephalo- 
myelitis. (Withfiwo plates) L.uisell, 0., I-lARRmG-, C, N., aud MEyEL iv. 

/Iwi, J. M. 10, 351-373. (1931). 

The bmiu an I spiud cord of 8 Iv.rses, infoctod with enoephalo-myelitis virus by contact or by 

‘'experimental in umlatiou Wore sbuliod histologically, and the 

pej'ivascular eulTs euntaiuing Ivphoeytes, imlynnH^hs and monoeytes. Nerve coils m t r ^ 

of blood vessels showed nioro e.xteusivo, (legoneration than elsewhere, sugRostiug - la . .q 

runveyed in tire vessi'ls or along their sheatlis. hlxporimeutally infected guinea pigs aiu v iru. - ■ 
human beings also showed the perivascular iulittration. Of the coutrote, kow.wer, J u-eo hou . . 
suceumk^d tu sepsis, and another which Was destroyed, failed to show the perivascular rc-act.< u. 

The virus infected animals revealed inclusions in numerous nerve cells. In an apparently 
horse of 12 vc^rs of age. and in 3 others that died of sepsis, the cell inclusions were present m mall 

111 t.. lo,vo iuoreaoed tUo uumbor of cell TKo totaioo om„lo,v»l l.« In,-., 

described in detail. [B. 1).], 


The chemistry and pharmacology of Lathyrus peas. 

34, 145-163. 


Btookman, R. J . 7 lyfh 


IW,™ work »howo.t tint tUo Bympt.m, of “man »nd 

t au «-i,l o,ml u,v. I ii. Uio l>aas mdofMOonUy of ouy doaoiouoy oondrtion. 

a.mbtry of lUo l«««. a.id o^Uo torio aotioas of otgomo aad mo^amo _ 

„w aivMi. Xlio roault. giyott in tills artiolo haye a wido and gonoral bcarmg simo to. J 
aid Baits of noW, Imvo boon rooovorad from all ooi-eal and loguuunons soei «. 

Tho gam, ml conolnsion is that when given orally tho rolsonons o.^a„ic 

1,0 jans are resolvod l,y the haoterW flora of tho howols 2';'; yat, toxio olfoots 

,ho4,I.ata. When the animal’s system fails to dKjose eilootively of fo.thu gnai 
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are manifested, as in the case of aeufce poisoning of farm stoek after a large feed of lathyrus. 
Individuals of the same species of animals show eonskleiable variation in their ability to resolve the 
toxic salts. Administered variously these toxic phosphates produce a marked degeneration of the 
nerve xxills, ami Of nerve fibres of the cereb!'o.-ijiinai r nd pympathetic nervous systems. Moderate 
do.ses cause torpor and depresaion, hirgrtf do.ses elonio-tonie spasms. The available evidence is that the 
toxkmiction is pitjhably a. diiwet one. 

The result of analysis of Uiidecorticated lathyrus perns grown in India lia.s been given. A propr ietarv 
preparation Phytiu lias lieon found to be similar in chemical jiroperties and toxic action to jibytates. 
The former eumniereia I product was given an extensive trial in the treatment of rickets and neurasthenie 
conditions with negative results. |'S. !>.]. 
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